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The Monroe 326 Scientist 


The Monroe 326 Scientist (Figure 1) » an incredibly powerful ye. compact 
computer. You can hold i, in your band, ye, it will assist you to simplify and solye 

a wide range of scientific, mathematical and engineering problems. 

The 326 Scientist is easy ,0 use. Computations can be performed directly on the 
keyboard using clearly marked keys and switches. I. handles and computes numbers 
,o an accuracy of ,3 significant digits plus a sign and exponent. Results are shown 
in a 16-digit luminous display. Your 326 Scientist may be operated either w„h 
rechargeable batteries o, a standard AC power supply, whichever is more convenient 

for you. 

You may perform the following types of keyboard computations: 

. Arithmetic (including Add, Subtract, Divide, Multiply and Raise to a Power). 

. Programmed Functions (including reciprocal, square root, factorial, trigonom¬ 
etric functions and their inverses, logarithmic functions and their inverses, 
conversion between rectangular and polar coordinates, statistical functions 

and summation, and many others). 

. Metric/English and English/Metric Conversions (including conversions for units 
of distance, mass, weight, volume, area, temperature, density, pressure, veloc- 

ity, acceleration and others), 

A wide variety of computational results can be achieved by pressing one key or 

a simple sequence of keys. 

Computed data may be stored in any of 12 available data registers and recalls 

at the touch of a key. , 

The 326 Scientist is very easy to use and problems are solved from the keyboard 

much as you would organize and solve the problem yourself. You may compute 

expressions using up to four levels of parentheses and many features are provide 

that enable you to simplify otherwise long and complicated computations. The 

keyboard capabilities of the 326 Scientist are described completely in Section 2, 

Basic Operations, and Section 3, Functions, of this manual. 

The true power of the 326 Scientist lies in the ease of use of its extensive program- 
ming capabilities. You don’t have to learn a complicated computer language; you 
write a program simply by pressing the keys corresponding to the operations you 

ft 
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desire. You can specify a program or exact sequence of operations for the 326 
Scientist to store in its memory. It can then perform this program automatically at 
your command. Computations can be easily repeated with different sets of data and 
choices of different computational procedures can be made automatically, depend¬ 
ing on the value of calculated results. The full programming capabilities and fea¬ 
tures are described in Section 4 of this manual, Programming. 


The Monroe 392 Tape Cassette Drive 

Programming capability is extended greatly by the use of the Monroe 392 
| Tape Cassette Drive in conjunction with the 326 Scientist (see Figure2). Prepared 

| i programs, from Monroe's extensive Program Library that covers many scientific, 

ik • roathematical and engineering applications, may be entered into the computer 

; . from magnetic tape cassettes. In addition, the programs you can create from the key- 

j i board may be written onto a magnetic tape cassette for later entry into the com- 

j 1:1 . puter ' s memory - Since the Tape Cassette Drive's reading and writing operations may 

j be controlled automatically by a program, you may use one program to cause 

* < M 

jj another to be read into the computer's memory. In this way the effective size of the 

Ijit computer s memory can be increased to tens of thousands of instructions. 

j|i| Computed results can also be written from data storage registers onto a magnetic 

jh- tape cassette < or read from a tape into the computer's data registers. The full flexi- 

:! [; bi,ity and extent of programming with the Tape Cassette Drive is described in Section 
i>! : 5 of this manual, Using the 392 Tape Cassette Drive. 
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How to Use This Manual 


This manual is intended to help you learn to use the full keyboard, programming 
and magnetic tape capabilities of the 326 Scientist. Sections 2-5 of this manual 
present the basic principles of operation and how to use the 326 Scientist and 392 
Tape Cassette Drive. A series of Appendixes provide further technical information 
on such matters as the accuracy of computed results, battery recharging, error con¬ 
ditions, and a summary of keys and switches describing their use and pointing to 
the appropriate page in the text for further information. A complete index, alpha¬ 
betical by subject, will enable you to use this manual easily as a reference work, 
after you have become familiar with the 326 and 392. 

Some hints on how to study this manual effectively may assist you in becoming 
expert in the use of the 326 more rapidly. 

Do not pass by any undefined terms. Educational research has shown that full 
comprehension of the basic terminology of a subject is vital to understanding the 
subject. Thus, while you are reading this book, if your attention drifts or you become 
aware that you have not understood the material you have just read, it is virtually 
certain that you have passed one or more words or symbols for which you had no 
definition or an inadequate definition. You can locate the misunderstood word or 
symbol in this fashion. Go back to the point in the text where you understood the 
material and "felt good” about it. Then read forward from there. Shortly after that 
point you will find the misunderstood word or symbol. Get it defined, either by 
reference to the index of this book to find where the term is defined or by looking 
in a good dictionary.Try this technique.lt works and saves a considerable amount 
of time in assimilating information. 

Secondly, make constant use of your 326 Scientist as you read the manual for 
the first time. Work the examples and sample problems provided in the manual, 
and if you wish, generate additional examples from your particular type of applica¬ 
tion. 

•y.. 

Become comfortable with each feature and technique described before moving 
on the next topic. Study the features of the computer from a personal viewpoint. 
Ask yourself when reading about a topic "How can I apply this feature to solving 
the problems of particular interest to me?" 

And now you are ready to learn the basic techniques for using the 326 Scientist. 

May you enjoy learning how to operate and get the most out of your 326 Scientist. 
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Getting Started 


Turn the Scientist on using the ON/OFF switch located on the back of the com¬ 
puter. The display will have the following appearance: 

/ 0 . 0000 ^ 

The Model 326 displays four decimal places when it is first turned on. Other deci¬ 
mal settings can be specified using the Q£) key. (Qg> described later in this 

section.) 

Entering Numbers 

When a number is entered from the keyboard, it is placed in a register called the 

Entry register (E-register) and also shown in the display. 

The Entry register always contains 13 digits. The display will show up to 12 digits. 
The area indicated in Figure 3 includes all the keys that are used to enter num- 

bers in the 326 Scientist. 

Enter numbers by simply pressing the digit keys 0-9 in the appropriate sequence 
one at a time. If a second key is pressed before the first key is released, both entries 
will be accepted in proper sequence if the first key is released before the second. 

The decimal point [T] may be pressed when needed. The entered number goes 
directly into the E-register and appears in the display. 

Example: 


To enter the number 17.026 
Do This See This 



For large numbers, the 326 Scientist punctuates the displayed value with commas 


in the appropriate places. 

Example: 


To enter the number 12,345,678 
Do This 5ee This 



If a decimal point is not entered, it is assumed to follow the last digit entered. 
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Clear clear 

This key fills the Entry register and display with zeros. Use clear if you have made 
an incorrect entry and wish to re-enter the number correctly. 

Also, if you obtain an error indication in the display. 



press [clear] to display the number that was in the Entry register prior to the error. 
Errors are the result of illegal operations which are listed in Appendix E. The 



key will be discussed further in the section on Arithmetic Operations. 



Change Sign 



The Q||] key is used to change the sign of a number in the Entry register. To enter 
a negative number, you may press [ S C ,^J at any time while entering the digits of the 
number. Repeated use of [ ) during the entry of a number will cause the number 

to alternate between positive and negative. In the following examples, the [ s c ," c °) 
key is pressed at different points during numeral entry. 


! Do This See This 
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Setting the Decimal Point 


Qg] followed by one of the digit keys ([o]-(T)> establishes how many digits 
to the right of the decimal point are normally displayed. For example [ op) [_ jj W 'H 
cause two decimal places to be displayed. The full 13 -digit number is retained in the 
Entry register and is used in subsequent calculations. Therefore, the decimal point 
setting has no effect on the accuracy of calculations. Suppose the number 

1.234567890 

is in the Entry register. Different decimal point settings will affect the display as 
follows: 

Do This See This 


SET 



SET 



SET 




The Scientist automatically moves the decimal point if the present decimal setting 
will not display any significant digit. For example, if (W]C5] has been specified 
and the number 0.000002 results from a calculation or is entered from the key¬ 
board, the 326 will temporarily move the decimal point to allow one significant 

digit to be displayed. 

For numbers between zero and one, you can enter up to 11 leading zeros after 
the decimal point and still have room to enter 13 digits. 

Example: 

Enter 0.000001234567890123 (Five leading zeros and 13 significant digits) 


Do This 


See This 



0 . 00D 0DI 5 3H5E_ 


All 13 significant digits are placed in the Entry register and the first six significant 
digits are shown in the display. 
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Exponent exp 


You may enter numbers in scientific notation, that is expressed as a base number 
multiplied by ten raised to an exponent: 

a x lo b 

where a is the base number and b is the exponent. For example, the number 243 
could be expressed as 2.43 x 10 2 . The base number is 2.43 and the exponent is 2. 
The procedure is as follows: 

1. Enter the base number, digit by digit (with Qg] if the base number is negative). 
You may enter as many digits as you like. The first 13 significant digits will be 
retained in the Entry register. 

2. Press exp 

3. Enter the one or two digit exponent (with Qg] if the exponent is negative). 
Note that pressing Qg) after Q changes only the sign of the exponent. A 
maximum of two digits can be entered for the exponent. If you attempt to enter 
more than two, the last two digits entered are retained, which enables you to 
correct a mistake in entering the exponent without having to clear the base 
number. 

If you do not enter a base number before pressing [exp), a base number of one is 
assumed. 

If you enter a base number and press Q, but then do not enter an exponent, an 
exponent of 0 is assumed. 

Example; 

Numbers in scientific notation are entered as follows: 


Number Do This 


See This 


6.023 x 10” 


-35,780 


0.00035 


0.00035 


I . 00DD000DD DO 


5.033000000 33 


3 . 51B00000Q OH 

3.500D00000-QH' 
35. 00000000-05' 
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In the last two examples, the number .00035 is entered and displayed in two dif¬ 
ferent ways to emphasize that you may enter numbers in the form most convenient 
to you. The 326 Scientist will correctly interpret the value of the number that you 
enter. 

As an added convenience, the 326 Scientist can accept numbers that you enter 
in any format and express them in standard scientific notation. This is described 
in the next paragraph. 

^~|[~exp] causes all numbers placed in the entry register to be automatically 
transformed to standard scientific notation, that is, having the form 

a x I0 b 

where the base number, a, is a positive or negative number of absolute value greater 
than or equal to one and less than tend =£ |a| < 10), and b is a positive or negative 
integer exponent. 

The 326 Scientist displays numbers in scientific notation as follows: 

n.nnnnnnnnn pp 

where n.nnnnnnnnn are the first 10 significant digits of the 13-digit base number. If 
the base number is negative, a minus sign precedes the first digit. 

pp is the two digit integer exponent. If the exponent is negative, a minus sign is 
displayed immediately preceding the exponent. Thus, you may enter the number 

43,870 

using the key sequence, 


and it will be displayed as; 


H.3B1000000 OH 


which means; 


4.387 X 10 4 


Some examples of the entry and display of numbers using s 0 e p T exp follow 


Do This 


See This 


clear s D E p T exp 


o.onnoDDOQD 

3.000000000 

T.ooooooooo 

5. D00D0000 


00 _ 

w 

oT 


Comments 

Display zero in scientific 
notation 

Enter and display 300 
Enter and display 4000 
Enter and display -0.5 
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You may enter numbers in a form convenient to you and the Display will auto¬ 
matically show the number in scientific notation. For example, if you want to con¬ 


vert a number 


220 Megohms (1 Megohm = 10 6 Ohms) 


to its equivalent in Ohms, you simply enter it as follows: 


Do This 


See This 


EXP 


B-BBODDDODD BB 


The answer is 2.2 x 10® Ohms. 

Regardless of decimal point setting the 326 will automatically express all entries 
and answers of absolute value greater than or equal to 

1 x 10 n 


or less than 


in scientific notation. 


1 x 10 


Summary of Rules for Entering Numbers 

• Enter numbers by pressing one digit key at a time. 

• Thirteen digits are retained in the Entry register; a maximum of 12 digits is dis¬ 
played. 

• Use ■ to enter the decimal point. Only one decimal point may be entered. 

• Use exp] to enter numbers in scientific notation: 

1. Enter the base number. 

2. Press exp . 

3. Enter the power of ten (the exponent) using either one or two digits. 

• Use (siow ] to change the sign of a number in the Entry register from positive to 
negative or negative to positive. 

t. sign ] may be used at any time during numeral entry. 

2. When entering numbers in scientific notation, [ S C ,„ C H affects the sign of the base 
number before 0 has been pressed; [ S C * G H ] affects the sign of the exponent 
after j exp ] has been pressed. 
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Basic Arithmetic 

and the Number/Operator Register 

The basic arithmetic operations are as follows: 


Key 


Operation 

Add 


Subtract 


Multiply 


Divide 


Raise a to the power x 


These keys and several others related to arithmetic operations are highlighted in 
Figure 4. 

To use the 326 Scientist most effectively, you should be familiar with how the 

326 performs these arithmetic operations for you. 

In addition to the Entry register there is another register called the Number/ 
Operator register (or simply Num/Op register). When you enter a number it is 
placed in the Entry register. When an arithmetic operation key (C9BBB 
QJ) is pressed, the number in the Entry register is duplicated and placed in the 

Num/Op register along with the arithmetic operator. 

The number and operator in the Num/Op register changes only when you do one 

of the following: 

1. Press another arithmetic key f(Q|'B 'B ' B or 

2. Press f«ud. 

The contents of the Entry register changes when you do one of the following: 

1. Enter a new number. 

2. Press Q|- 

3. Press the next arithmetic key in a sequence of operations (see the section on 
Chain Arithmetic). 

4. Press a function key (refer to the section on Functions). 

5. Press «.£»* or «ht . 
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Reset beset 


US] places zeros in the Entry register and the display. It also erases the contents 
of WNumber/Operator register. In effect it removes both entered numbers and 

operators. 

iitiETj may be used after an error condition occurs. 


Differences Between Reset and Clear 


removes an error condition, places zeros in the Entry register, and erases 

the contents of the Number/Operalor register. 

when used after an error condition, Q removes the error condition and 

displays the number that was in the Entry register when the illegal operation was 


attempted. Pressing Q again places zeros in the Entry register and display. 

When there is no error condition, [ctua] simply places zeros in the Entry register. 


Equal Sign 

B is used to complete a sequence of arithmetic operations. The answer is 
placed in the Entry register and the Display. Q does not affect the contents of the 
Number/Operator register. 
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Basic Arithmetic Procedure 


The procedure for doing simple calculations is straightforward and conforms to 
the way you would normally calculate numbers. 

The steps are: 

1. Enter the first number. 

2. Enter the arithmetic operation. 

3. Enter the second number. 

4. Press to obtain the answer. 

Instead of step 4, another arithmetic operation may be entered, followed by 
another number and thenj^J; you may build an extensive sequence of arithmetic 
operations, terminated finally by This will be discussed in the section on Chain 
Arithmetic. 
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Entry Register Num/Op Register 


Calculation Do This 

Contents 

Contents 

Comments 

3 

3 

2+ 

Num/Op doesn't change. 

2 + 3 

5 

2+ 

2+ in the Num/Op 




register is combined 


with the 3 in the Entry 
register to give 5 
which is placed in the 
Entry register. Num/Op 
doesn't change. 

Subtraction 

The procedure for subtracting two numbers: 

1. Enter the number from which a subtraction is to be made (minuend). 

2. Press Q. 

3. Enter the number to be subtracted (subtrahend). 

4. Press Q| (to obtain the difference). 

Example: 

To find 10-3 

Do This See This 



Multiplication 

The procedure for multiplying two numbers: 

1. Enter the number to be multiplied (multiplicand). 

2. Press j^J. 

3. Enter the multiplier. 

4. Press (to obtain the product). 

Example: 

To find 7 x 6.3 


Do This See This 
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Division 

The procedure for dividing one number by another: 

1. Enter the number to be divided (dividend). 

2. Press ^3 

3. Enter the number by which the first number is to be divided (divisor). 

4. Press ^31 (to obtain the quotient). 

Examples: 

To calculate 6.6 x 10 5 + 4 


Do This See This 



To calculate -3+2 

Do This See This 



Chain Arithmetic 


Chain arithmetic means a sequence of arithmetic operations, which is terminated 
by an ^3 • Each time a new arithmetic operator is entered, the intermediate answer 
is placed in the Entry register and displayed because of an implied equals in each 
arithmetic operator. The new contents of the Entry register are also duplicated in the 
Number/Operator register and held there with the new operator. 

The following example shows what happens in the Entry register and the Number/ 
Operator register during a chain arithmetic sequence. The display will show the 
contents of the Entry register at each step of the sequence. 
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Parentheses 


and 




The parentheses keys allow you to specify a particular grouping of operations 
when you are performing calculations. You use them exactly as you would when 
writing equations. For example, in the calculation 

3 + 5 + 4 = 2 

the implied = inherent in the Q (as well as other arithmetic operations), causes 
the 3+5 operation to be executed. The result, 8, and + are placed in the Num/Op 
register, giving the final answer 8 + 4 = 2. The insertion of parentheses as follows, 
changes the result. 

3 + (5 + 4) = 4.25 

The parentheses prevent operators outside the parentheses from being executed 
by the implied = of operators inside the parentheses. The right parenthesis executes 
an implied = on the last operator inside the parentheses. Hence, 5 + 4 is executed, 
giving 1.25 in the Entry register. Pressing causes 3+ to operate on 1.25 for the 
answer of 4.25. 

Pressing the keys as follows demonstrates these points. 


Do This 


See This 



B.ODDD 


B.BDDO 


B.DDDB 


3.DODD 


I . B5BB 


H . 3500 


The appendix on "Parentheses and the Num/Op Register" fully describes'how 
operators inside and outside of parentheses affect intermediate and final results. 

The 326 Scientist allows you to "nest" parentheses, as in the example; 

4 x (1 + (2 - (3 x (4 + 5) ) ) ) 

Up to four levels of parentheses are permitted. 

Every time you enter a left parenthesis Q, the parenthesis level is increased by 
one. Each time you use a right parenthesis the parenthesis level decreases by 
one. The parenthesis level is shown at the left side of the display. 

If you enter a fifth level of parentheses, an error condition will result, with 


tf 


/ e . \ in the display. Use clear to remove the error condition and return 

the 326 to the state just prior to the entry of the fifth-level parenthesis. 

A right parenthesis will terminate the arithmetic operations for that parenthesis 
level, and the value resulting from the calculations within those parentheses will 
be placed in the Entry register and the display. 

Example: 

Calculates x{(2 + 3 - 1) + (3/4)) 


Do This 


See This 


RESET 


) 


5. oono 

I.POOD 
-D .3333 
H.DDDD 
0 .1500 


O.HIGE 


/ B.DB33 


In this calculation, the displays where the parenthesis level changes are shown. 
After each right parenthesis, which forms a closed pair of parentheses, the result of 
the arithmetic performed inside those parentheses is displayed. 


Summary of Rules for Using Parentheses 

• For every left parenthesis, there must be a corresponding right parenthesis. 

• If you nest parentheses (use one pair within another pair), don't use more than 
four left parentheses before using a right parenthesis. The current parenthesis 
level (1, 2, 3, or 4) is indicated on the left side of the display. Press [cleIr] to remove 
the error condition resulting from using a fifth-level parenthesis. 

• A right parenthesis operates as an = for the arithmetic inside the parentheses. 

• Don't use [««t] inside parentheses. It destroys the entire sequence of arithmetic 
operations. Use (cuuii] to correct an incorrect entry. 

A more detailed description of how the 326 works internally when parentheses 
are used is given in Appendix C, "Parentheses and the Number/Operator Register." 
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Raising a Number to a Power, 


is used to raise the number a to the power X. 

This key is extremely powerful and convenient to use because of the following 
features. 

• The number a may be any value, integer or decimal fraction, positive or nega¬ 
tive. 

• The power x may be any value positive or negative, integer or fraction, (with 
the exception that, when a is negative, x must be an integer). 

• Both a and x may be entered or calculated numbers. This allows you to use 
parenthetic expressions with 

The procedure for FM is as follows: 

1. Enter or calculate a. 

2. Press 

3. Enter x or calculate x within parentheses. 

4. Press ( (0 obtain the answer). 

The following facts are true for all values of a and x: 
a ! = a 
a°= 1 
r= i 
0' = 0 

In addition, an attempt to raise a negative a to a non-integral (fractional) power 
will give an error condition. Also, the attempt to raise zero to a negative power will 
yield an error condition, since that is equivalent to trying to divide by zero. 
Example: 

To calculate 4 3 


Do This 


See This 




EH.DODD 


To calculate (3 + 4) 3 



1.0DDD 


3H3.QDUD 


Notice that you do not need to place parentheses around 3 + 4 in the preceding 
example because Qj| causes an implied = to be executed. This causes the sum of 
3 + 4 to be stored in the Num/Op register with the operator a'. 
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The following example shows the use of parentheses with 

Example: 

To calculate (3 + (4 4- 2)) (4X2 ' 


Do This 


See This 


3 

LL 


rr 

4 

lorsn 



m 

4 ‘ 

__ / 

a 2 _ in 




3.0000 
5.0010 
"B.0000 

130,535.0000 


value of parenthetic 
express ion 

value of a 

value of parenthetic 
expression 


When w !B is pressed, it executes an implied - on 3+ and the value inside the 
parentheses (2), placing the answer (5) in the E-register and duplicating, it in the 
Num/Op register with the operator a*. Thus, the final = causes the calculation of S 
raised to the power 8. 5 , . 390625 

In the next example a number is raised to a non-integral power. 

Examples: 

To calculate 4 3 2 

Do This See This 

rumruo i 04.44A5 \ 


The 326 Scientist permits the easy calculation of uncommon roots of numbers 
using the Q] in conjunction with the reciprocal key ■■ . You don't have to use 
parenthetic expressions for the exponent to calculate high order roots. 

Example: 

To find VlO 

Do This See This 

I "ig.nnno 

LULU* / D.O033 ) 

I I .5115 \ 

The hk function key may be used in this way because it doesn't contain an 
implied = and affects only the number in the Entry register. Thus, it doesn't interfere 













vx 

with a calculation in progress. A full description of H and other function keys is 
given in the section on Functions. 

As a final example of the power of we show the combined use of chain 
arithmetic and nested-parentheses. 

Example: 

To calculate (3 + {4 + 

Do This See This 




[c 

IHT 

— 


[T 

IBI 

X 


|7 

M 

♦ 

• 

s 

nr 

TTT 

T 



3.0000 \ 


3.0000 


0.3333 \ value n( a 


1.0000 


-o.oeoo value of x 


I.3155 


Constant Arithmetic 


The 326 Scientist allows you to repeatedly use a constant number and operator 
without having to re-enter them for each new calculation. The procedure is as 
follows: 

1. Enter or calculate the constant. 

2. Press the operator to be used 

3. Enter a value of the variable. 

4. Press (to obtain the answer). 

5. Enter a new value of the variable. 

6. Press Q (to obtain the new answer). 

This feature results from the use of the Number/Operator register described pre¬ 
viously. The contents of the Number/Operator register change only when you enter 
a new operator (fclBIHHor EO) or when you press (««* . 






The number 5 and operator + are retained in the Num/Op register. 


Subtraction Using a Constant 

To Subtract Do This 


See This 


100-20 


100-5.31 | 3 J| ■ | 

100-90 fal fo l 


00.0000 
33 .5300 
10.0000 


The number 100 and operator - are retained in the Num/Op register. 


Multiplication Using a Constant 

To Multiply Do This 


See This 


3x6 
3 x 5.2 
3 x 7 


19.0000 
15.5000 

Ti .oooo 


The number 3 and operator x are retained in the Num/Op register. 

Division Using a Constant Dividend 

To Divide Do This See This 

20+2 mroiBiTiB f ■ ~ 



10.0000 


5. oooo 


0.5555 























Division Using a Constant Divisor 

You may divide by a constant divisor using the M (reciprocal) key, since divid¬ 
ing by a number is equivalent to multiplying by the reciprocal of that number. Thus, 
in the following examples, you divide a series of numbers by the constant 20 by 
taking the reciprocal of 20 and entering that with the operator x in the Num/Op 
register. 


To Divide Do This 


2 * 5 - 20 


62 + 20 


40 + 20 


5ee This 


0.1000 
3.IODD 
3.0000 


The number 1/20 and the operator x are retained in the Num/Op register. 


Raise a Constant to a Power 


To Calculate Do This 


See This 


3.0000 
BI.0000 
133.0000 


The number 3 and the operator a'are retained in the Num/Op register. 


Repeated use of 


is pressed repeatedly, an implied = is executed after each causing 
the answer to be placed in the Entry register. The contents of the Entry register are 
then placed in the Num/Op register with the operator +. Thus repeatedly pressing 
causes a repeated doubling of the number in the E-register, as shown in the 
following example. 


Calculation Do This Register Register See This 


3 + 3 = 

6 + 6 = 

12 + 12 = 


+ 

7 

7 


Blank 

3+ 

b+ 

12 + 

12 + 


±3_ 

~3H 


.0000 
. 0000 
.0000 
.0000 
.0000 


The repeated use of Q causes an implied = to be executed with each Q. 
The answer is placed in the E-register and duplicated in the Num/Op register with 
the operator x. Thus, repeatedly pressing ||Q causes a repeated squaring of the 
number in the E-register, as shown in the following example. 



Entry Num/Op 

Calculation Do This Register Register 


See This 


2x2 = 
4x4 = 
16x16 = 


X 

X 

X 


2 

2 

4 

16 

256 


Blank 

2x 

4x 

16 x 

16X 


3.0000 
3.0000 
3.0000 
IE.0000 
35E.0000 


If you press |Q| repeatedly, you will cause the contents of the Num/Op register 
to operate repeatedly on the successive contents of the Entry register. For example, 

Do This See This 





The 5+ is retained and operates on each successive value in the Entry register. 

In many calculations, you can take advantage of these features to save yourself 

unnecessary keystrokes and time. 
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Angles 



i 


Entering Angles 

The 326 Scientist permits you great flexibility in dealing with angles. You may 
enter angles in any of the following modes: 

• Degrees (360 degrees per full circle) 

• Grads (400 grads per full circle) 

• Radians (277 radians per full circle) 



Degrees 

OftAO 

Set the switch to DEG (Degrees). You may enter angles in degrees in one of 
three ways: 

1. Degrees and decimal fraction of a degree (e.g. 30.5 degrees or 30.5°). 

2. Degrees and minutes with decimal fraction of a minute (e.g. 54 degrees 7.65 
minutes or 54° 7.65'). 

Note: One degree = 60 minutes 

3. Degrees, minutes and seconds with decimal fraction of a second (e.g. 121 
degrees 17 minutes 2.3 seconds or 121° 17' 2.3"). 

Note: One minute = 60 seconds 

Entering degrees with minutes and seconds requires the use of the B (Degrees/ 
Minutes/Seconds) key. The procedures for angle entry are as follows: 

For degrees and decimal fraction of a degree 

1. Enter the number of degrees with decimal fraction as you would any number. 



Example: 


To enter 30.5° 

Do This See This 



For degrees and minutes with decimal fraction of a minute. 

1. Enter the number of degrees. 

2. Press m . 

3. Enter the number of minutes and decimal fraction of a minute. 
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Example: 

To enter the value 63° 2,75' 


Do This 

"Birr 


See This 


o/u/s 



E3 0D 00.POOP 


53 0E.15 ODD 


For degrees, minutes and seconds with decimal fraction of a second. 

1. Enter the number of degrees. 

O/u/5 

2. Press M. 

3. Enter the number of minutes. 

QMS 

4. Press M. 

5. Enter the number of seconds including decimal fraction. 

Example: 

To enter the value 110 p 42’ 16.3" 


Do This 


See This 


QMS 


GD© 


D/M/S 


I 10 OP DO.DODD 

Tip he no.oooo' 

I to HE 15.3 no 


You may enter positive or negative numbers for angles. The ^ key' s USG ^ to 
change the sign of an angle. 

Use of the ■! key identifies the entry as an angle in the D/M/S format. Whenever 

that entry is used in further operations, it is treated as a D/M/5 angle. The exp key 

SOUL 

is inoperative after Wm is pressed. 

Angles entered in degrees with decimal fraction of a degree are not restricted in 

their value any more than ordinary numbers. 

Angles in D/M/S format may have a maximum of three digits in the degrees column. 
Entries of 1000° or greater, or -1000° or less are automatically converted to an 
equivalent angle less than 360° by subtraction of the greatest possible multiple of 
360° (or -360° for negative angles). 
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Example: 

To enter 1845° in D/M/S format. 

Do This See This 



This entry results because 1800° (5 x 360°) is the greatest multiple of 360° con¬ 
tained in 1845°. The remainder after subtraction is 45°. 

If the angle to be expressed in D/M/S format is the result of a calculation, values 
greater than 360° or less than -360° will be expressed as an equivalent angle in the 
range of 0 to 360°. 

Example: 

If the value 378° 40' is the result of a calculation, the 326 Scientist will reduce it 
to the equivalent angle 18° 40'. These two angles are shown in the accompanying 
figure. The angles shown are measured counterclockwise from the X-axis. 



Grads 

Set the switch to GRAD. There are 400 grads to a full circle and 100 grads 
to a quadrant (90° = 100 grads). Enter angles in grads as you would any number 
including decimal fraction. 



Radians OHIO 

The GRAD/DEG switch may be set to § or i . There are 2 tt radians in a 

full circle (277 radians = 360°). Enter angles in radians as you would enter any 
number including decimal fraction. 

Angles entered in radians may be converted to grads or degrees, using the func¬ 
tion key sequences described in the section on Functions. 

Arithmetic with Angles 

Arithmetic operations can be done with angles expressed in degrees and decimal 
tract,ons, D/M/S format, grads or radians. Angles may be entered at any time during 
arithmetic operations. Arithmetic with angles is governed by the following rules. 


Operation 

Result 

Angle + Angle 

Angle 

Angle - Angle 

Angle 

Number x Angle 

Angle 

Angle 4- Angle 

Number 

Angle 4- Number 

Angle 


When the 326 Scientist performs arithmetic with angles in D/M/S formal, it will 
automatically express the answers in standard form: with degrees in the range of 
O-360-, and minutes and seconds both in the range of 0-60. For example, an 

answer like 

372 ° 120 ' 63 " 

Would be converted to the equivalent answer in simpler form 

14 ° 1 ' 3 " 

since 

372 ° = 360 ° + 12 ° 

120 ' = 2 ° + 0 '+ 0 " 

63 " =_ + 

360 ° + 14 ° + 1 ' + 3 " 
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The following example show, addition of ,wo angles in D/M/S forma, with reduc 
tion of (he answer to its simplest D/M/S form. 

Example: 


To calculate 45° 40' 30" + 46' 50' 32.5" 


Do This 


0/m/s 


o/m/s 


See 77ns 


i5 ^o sn.nnnn 


D/M/S 


0/M/S 


^5 50 35. 5 nn 

~33 3i ITiTJMn 


Converting Angles 

The 326 Scientist permits you to convert angles from degrees with decimal frac- 

hons to degrees, minutes and seconds, and vice versa. You may also convert be 

-ween degrees and radians, and between grads and radians. These conversions are 

accomphshed easily by the use of function keys and are fully described in the section 
on "Functions”. 


Data Storage Registers 


The 326 Scientist provides 12 data storage registers which can be used to hold 
numbers for later review or use in calculations. Each of these 12 data storage regis¬ 
ters is identified and addressed by one of the numeral or symbol keys- fol-fol 

I . Or f CHS 1 I- > LfiJ' 


SIGN * 


There are several basic ways in which you can use these data storage registers, 
as follows: 

1. You can store a number in a data storage register (designated 

By store, we mean to duplicate the contents of the Entry register forte 
specified data storage register. The contents of the E-register are not changed 
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by the act of storing data into a data storage register. However the previous 
contents of the data storage register are replaced by the number that is being 
stored. 

The clcar and [»»«>} keys have no effect on the data storage registers. The num¬ 
bers stored in data storage registers are protected for your future use. 

You may store numbers during the course of an arithmetic calculation and 
the calculation will not be affected. 

2. You can recall a number from a specified data storage register into the Entry 
register. By recall, we mean to duplicate the contents of the specified data 
storage register in the E-register. The Recall operation does not change the 
contents of the data storage register. The previous contents of the E-register 
are replaced by the recalled number. You may recall numbers during the course 
of an arithmetic calculation without affecting the calculation any more than 
a number entered from the keyboard would. 

3. You can exchange the number in the E-register with the number in a specified 
data register. By exchange, we mean that the contents of the E-register become 
the new contents of the specified data register, and the previous contents of 
the specified data register are placed in the E-register. 

Store 

The procedure for storing a number from the Entry register into a specified data 
storage register is as follows: 

1. Enter the number to be stored if it is not already present in the Entry register as 
the result of a calculation. 

2. Press ^9. 

3. Press one of the ten numeral keys ( 0 ] - [~9~] , [ ■ ] or stw . 

If a number is already in the specified data storage register, it is automatically re¬ 
placed by the newly stored number. 

Example; 

To store 1.1234 into data storage register 0 


Do This 


See This 


I . IE3H 


IV-' 
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Reca _ 

The procedure for recalling a number from a specified data register to the E- 
register is as follows: 


1. Press 

2. Press one 


of the ten numeral keys [ 0 ) -(_9_j' * or 


Example: 

To recall the previously stored contents of register 0 
Do This 5ee This 


I . I E3H 


The recalled number in the Entry register can be used just as if it had been entered 
from the keyboard. 

Exchange j|B]| 

This operation exchanges the number in the Entry register with the number in a 

specified data storage register. The procedure is as follows: 

1. Press {m\. (The function key (S) will be fully discussed in the section on 

Functions.) 

2. Press 0|. 

3. Press one of the ten numeral keys [ bl-flT]' GD or QIC- 

Example: 

Store the number 5 in register 1. Then enter 8.0 in the E-register and exchange the 
contents of register 1 with the E-register. 


Do This 


See This 




m 


5 .0000 
5. 0000 
~B.0DD0 

~ 5.0000 

n n n n n 


Commend 
Enter 5 

Store 5 in register 1 
Enter 8 

Exchange contents of E- 
register and data storage 
register 1 

Cs/f-hnnno in 3 I IT 






Using the Contents of Registers in a Calculation Sequence 

You may use the contents of registers in a calculation sequence. The following 
example demonstrates this capability. 8 

Example; 

Store the numbers ,.2. 3 and 4 into da,a storage registers 0, , and 2 . respec(ively 


Then recall these stored numbers to use in various calculations. 


Do This 


ST 


n 


ST, 


ST 


n 


See This 


i. oooo 


3. DODO 


h. on an 


To calculate 5+1.2 


+ 


RCL, 


To calculate 3-1.2 
Do This 


RCL, 


— I RCL. 


To calculate 3X4 
Do This 


RCL, 


RCL, 


See This 


See This 


5.00DO 


I ■ 3000 


5.0000 


3.0000 


I . 0000 


I . 0000 


3.0000 


H.0000 


10.0000 


To calculate 4-^3 


Do This 



To calculate 4 3 


Do This 



To calculate 1.2 + 3 + 4 


Do This 


BOD 

O 

BBQD 



See This 


mm 

4 .0000 \ 

mm 

3.0000 \ 

1 /.3333 \ 

See This 

Hill 

h. anon \ 

vSSk 

3.0000 \ 

i _ 

EH.0000 \ 

\ 

See This 

1 

1.EOOO \ 

l 

1 .0000 \ 

1 

3.0000 \ 

/ 

4 .0000 \ 


4 .0000 \ 


1 .0500 \ 


Direct Register Arithmetic 




The 326 Scientist allows you to perform arithmetic directly in the data storage 
registers. You may combine a number in a specified data storage register with the 
number in the Entry register using any of the five arithmetic operators ( 

and EB )■ The result of the arithmetic operation can be left in the data 
storage register, the E-register or both places.This type of register arithmetic does not 
require that you recall a number into the E-register to perform arithmetic with it. 




39 




















* 


40 


The arithmetic operations have the following meanings: 


Adds the number in the Entry register to the number in the specified 
data storage register. Leaves the sum in the data storage register. 
Subtracts the number in the Entry register from the number in the speci¬ 
fied data storage register. Leaves the difference in the data sto'rage 
register. 

Multiplies the number in the Entry register by the number in the spe¬ 
cified data storage register. Leaves the product in the data storage 
register. 

Divides the number in the Entry register into the number in the specified 
data storage register. Leaves the quotient in the data storage register. 
Raises the number in the specified data register to the power indi¬ 
cated by the number in the E-register. Leaves the result in the data 
storage register. 

impie: 

The following example demonstrates the use of 


i This 


See This 


GE) 


roi 


arithmetic. 


Comments 

c! . 0000 \ Store 2 in data register 0 

IT. 0000 \ ^310 number in regis- 

5 0 00 D \ Recal15um * rom re s is,er 

n n n n \ Subtract 1 from the num- 
I . U U U U \ b er in register 0 

Tj n fl fl n \ Reca d difference from 
' ■ UU UU \ register 0 

/In nn \ Multiply 3 by the num- 
• UUUU ) ber in agister 0 

i 'n n n n fl \ Recall product from 
1 t- u 1 register 0 

n n n n \ Divide 6 into the con- 
. UUUU \ t en t s 0 f register 0 

p n n n n \ Recall quotient from 
C . UUUU \ register 0 

5 n Fl fl fl \ Raise l ^ e contents of 
j . UUUU —) register 0 to the third 

power 

g H n Q n \ Recall answer from regis- 


















with Arithmetic Operator 



This type of register arithmetic is identical to " HQ With Arithmetic Operator" 
except that the result is left not only in the specified data register but the E-register 
as well. Figure 8 shows the operation of wit ^ re S' ster arithmetic. The 

number D in the indicated data register is affected by the arithmetic operator Op 
and the number E from the Entry register. The result R is placed both in the data 
storage register and the Entry register. 



The procedure is as follows: 

1. Press (JbJQ. 

2. Press an arithmetic operator key (^B^3fl3IB or ^3h 

3. Press the numeral or symbol key for the data storage register in which the 

or 


arithmetic will be performed. ([ 0 ]- [ 9 ], 


CHG 

SIGN 


>• 



Raise the number in 
register 0 to the power 3 




















with Arithmetic Operator 

This type of register arithmetic uses the Q key in conjunction with a specified 
arithmetic operator and data storage register. The number in the E-register is operated 
on by the indicated operator and the number in the specified data storage register. 
The result is left in the E-register. 

This is shown in Figure 9, where the number E from the Entry register is affected 

by the operator Op and the number D from the specified data storage register. The 
result R is placed in the Entry Register. 



Entry Register 



Data Storage' 
Register 



The procedure is as follows: 

1. Press . 

2. Press an arithmetic operator key ((SEIDEL 

3. Press the numeral or symbol key for the data storage register that contains the 

number that will operate on the contents of the E-register with the specified 
operation. ([0]-[g], QDorQg). 


w> 


Th 

e KgH 

RCL r 

i + 



RCL r 

■I- 



RCL, 

* 



RCL f 

I-L 



RCL, 

\a x 


arithmetic operations have the following meanings: 

Adds the number in the specified data storage register to the number 
in the E-register. Leaves the sum in the E-register. 

Subtracts the number in the specified data storage register from the 
number in the E-register. Leaves the difference in the E-register. 
Multiplies the number in the specified data storage register by the 
number in the E-register. Leaves the product in the E-register. 

Divides the number in the specified data storage register into the num¬ 
ber in the E-register. Leaves the quotient in the E-register. 

Raises the number in the E-register to the power indicated by the 
number in the specified data storage register. Leaves the result in the 
E-register. 


Example: 

Perform the following 
Do This 


1 3 

IBS® 

1 4 

) 

["CL * 

IQ® 



[rcl „ 

IB o 



b 

Q® 

[rcl7 

IO® 

r«cL n 

IQ® 


arithmetic calculations. 
See This 

3.0000 

H . DODD 

I. 0000 

sT.doo o 

' IB.0000 


5.0000 


BIB.0000 


Comments 

Store 3 in register 0 

Enter 4 in E-register 

Add the number in regis¬ 
ter 0 to the number in the 
E-register 

Multiply the number in 
register 0 by the number 
in the E-register 
Subtract the number in 
register 0 from the num¬ 
ber in the E-register 
Divide the number in 
register 0 into the num¬ 
ber in the E-register 
Raise the number in the 
E-register to the power 
indicated by the number 
in register 0 


Throughout the calculation, the results are placed in the E-register while the num¬ 
ber in register 0 remains unchanged. 













Sample Application of Register Arithmetic 

A practical example of the use of register arithmetic is in performing vector addi¬ 
tion. (Vectors are quantities having both magnitude and direction and a vector in 
a plane can be described in terms of two rectangular components: the X and Y 
components.) 

Suppose we wish to find the vector sum of three vectors A, B, and C, which lie in 
the same plane. Figure 10 shows the geometric method of adding these three 
vectors to form a resultant vector D. The vector D may also be calculated as follows: 

1. The X-component of D is the sum of the X-components of A, B and C. 

2. The Y-component of D is the sum of the Y-components of A, B and C. 



The vectors have the following components. 


Vector 

X-Component 

Y-Component 

A 

2 

5 

B 

-10 

6 

C 

21 

2 


Use register 1 to calculate the sum of the X-components and register 2 to calculate 
the sum of the Y-components. 

Comments 

X-component of Vector A 
Y-component of Vector A 

X-componenl of Vector B 
Y-component of Vector B 

X-component of Vector C 
Y-component of Vector C 

Recall sum of X-compo¬ 
nents 

Recall sum of Y-compo¬ 
nents 

The X-component and Y-component of the resultant Vector D are both 13 (see 
Figure 10). 

Note: Direct register arithmetic has no effect on the contents of the Num/Op 
register. Thus direct register arithmetic may be done while Other types of calcu¬ 
lations are in progress, without affecting those calculations. 


Do This 5ee This 
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Section 3 Functions 
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3 START 
: stop 
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t*«* -METRIC 


bih-t 
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G 
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The 326 Scientist provides a number of function keys. (See the indicated area in 
Srgure m Each function key has two legends, one above the key and one below 
-e key. To use the function indicated by the legend above a key, simply press the 
i€v . To use the function indicated by the legend below a key, press the [m] key 
-■-st and then press the function key. A description of these functions follows. . 

ux 

Reciprocal Function ■ 

Pressing calculates the reciprocal of the number in the Entry register. 

Example: 

To calculate the reciprocal of 8 

Do This See Thls _ 

nri«6 / z zKnm 

The reciprocal function may be used to simplify many calculations. For example, 
:o evaluate the expression 

1 

3x (4 - 2) 

vou may calculate the denominator first and then use the tim key. 


Do This 


See This 




r 


0 . I EEE 


The m key may be used with angles in D/M/S format. The 326 Scientist 
automatically converts the angle to degrees and decimal fraction of a degree and 
takes the reciprocal of that value. 

Pressing W* when zero is in the Entry register causes an error condition with 
r 1 . ~1 in the display. 

Factorial (S) «■ 

The key sequence (■■] m calculates the factorial of the number in entry. 

Example: 

To calculate 6! 

Do This See ™ 5 


130. DODO 
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The following points should be noted: 

• The largest factorial that can be calculated is 69! 

• The value of 0! is 1 


• Attempting to compute the factorial of a non-integer or a negative number 

gives i £ . . 1 . Press (euw) to display the number previously in the 

E-register. 

Square Root B 

Pressing n calculates the square root of the number in the Entry register. 

Example: 

To calculate V 9 


Do This 


See This 


3.noon 


To calculate V(3 x 4) 
Do This 


See This 



B.HEHI 


i! 


Attempting to calculate the square root of a negative number gives an error con¬ 
dition with a display of \ . Press Q to display the negative 

number. 

Press'ng (!■] IB calculates the square of the number in the Entry register. 

To find 2. 3 2 


Do This 


See This 


5.EBDD 


Logarithm (Base 10) 


Pressing flB calculates the logarithm to the base 10 (log 10 ) of the number in 
the Entry register. 

Example: 

To calculate log l0 of 5 

Do This See This 


D.E3BB 


I 


Attempting to calculate the base 10 logarithm of a number less than or equal to 
.»o is illegal (since the logarithm function is not mathematically defined for these 

lifues) and gives / £- \ . Press clem to display the number previously 

- the E-register. 

Antilogarithm fflfl| fli 

/ - 1 , 0 * 

Press fjBj Wk calculates the antilogarithm to the base 10 of the number in the 
fr.trv register. 

Example: 

To calculate antilog l0 of 0.5 
Do This See This 

rnmiffl ■■ / 3. igse \ 


f -> 10 - 


■va 




Logarithm (Base e) 

Pressing A calculates the logarithm to the base e (Ln e ) of the number in the 
Entry register. 

Example: 


To calculate Ln e of 5 
Do This 


See This 


I .EDBH 


Attempting to calculate the base e logarithm of a number less than or equal to 
zero is illegal and gives l~~ c----- i . Press [clem] to display the number pre¬ 
viously in the E-register. 

Antilogarithm (Base e) (■■) flB 

Pressing [ibJ flB calculates the anti logarithm to the base e (or exponential func¬ 
tion) of the number in the Entry register. 

Example: 

To calculate the antilogarithm to the base e of 2 


Do This 


See This 


1.3BBD 
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where x < 

- 1 


or 

x > 

1 

5ech - 'x 

Ln 

(x + V 



where 0 < 

X ss 1 

Csch 

Ln 

(x + \ 

X 1 


where x ¥ 

: 0 


























Functions Involving Angles 


When you calculate functions involving angles, such as trigonometric functions, 
conversions between rectangular and polar coordinates and conversions between 
radians and degrees or grads, you must specify whether angles will be expressed 
in degrees or grads. This is controlled by the GRAD/DEG switch. 

The GRAD/DEG Switch 

The GRAD/DEG switch specifies how angle entries and calculations are made. 

GRAD 

When the switch is in the H position, all angle entries and calculations are based 

” MO 

on the metric angular unit of the grad, with 400 grads in a circle. In the H position, 

'Bnf 

angles are entered and calculated in degrees, with 360 degrees in a circle. 

Converting Degrees or Grads to Radians 

To convert from degrees to radians, do the following: 

CRAQ 

1. Set GRAD/DEG switch to III . 

2. Enter the angle in degrees and decimal fraction or D/M/S format. Alternatively, 
the angle may be in the E-register as the result of a calculation. 


3. Press 


-MHHC 


4 Press CMG 
SIGM . 


Example: 

To convert 42° to radians 


Do This 




5ee This 


-♦METRIC 


CHG 

SIGN 


0.1330 


To convert from grads to radians, do the following: 

1. Set GRAD/DEG switch to ^ . 

2. Enter the angle in grads. Alternatively, the angle in grads may be present in the 
E-register as the result of a calculation. 

- •METRI C 

3. Press Hi . 

4. Press (J[ . 

Example: 

To convert 42 grads to radians 


Do This 


See This 


-♦HETflIC 


CHG 

SIGN 


0.5531 


56 


Converting Radians to Degrees or Grads 


To convert from radians to degrees, proceed as follows: 

0 RAO 

1. Set GRAD/DEG switch to g . 

2. Enter the angle in radians. Alternatively, the angle in radians may be in the 
E-register as the result of a calculation. 

3. Press (ji). 


4. Press 


MEraiC— 


5. Press . 

Example: 

To convert 2 radians to degrees 
Do This 


See This 


GRAO 

B 


CHG 

JR Is™. 


I IH .3315 


To convert from radians to grads, proceed as follows: 

GR«D 

1. Set GRAD/DEG switch to j| . 

2. Enter the angle in radians. Alternatively, the angle in radians may be present 
in the E-register as the result of a calculation. 

3. Press [■■). 

4- Press ■■ . 

5- Press (g). 

Example: 

To convert 2 radians to grads, proceed as follows:____ 

B CR ‘ D ryiH M f™n I I El . 3E33~~ 

LEJWJhSRL^ t - 5 --- 


Converting D/M/S Angles to Degrees with Decimal Fraction 

(.^^l JHc ‘ 

The key sequence (B) «■ converts an angle in the Entry register in D/M/S for- 
mat to degrees with a decimal fraction. 


Example: 

To convert 31° 44’ 59" to degrees with decimal traction 
Do This 5ee This 


o/u/s 


O/M/S 


31 00 


31 33 


00.0000 


00.0000 ] 



31 33 53.0000 



J DEC. 

The answer is 31.7497° 


31.1331 


4lN 

Pressing ■■ calculates the sine of the angle in the Entry register. The angle must 
be in degrees or grads. The angles may be positive or negative and may be entered 
in D/M/S format. 

Example: 

To calculate the sine of 35.5° 


Do This 


See This 


B [ESQ® * 

DEG - -- - — 


To calculate the sine of 35° 30' 


0.5301 


0/M/S 


0.5E01 


The answers in both examples are the same since the angles are equal. 

Arc Sine (_^®) 

Pressing (■■] ■■ calculates the arc sine (in degrees or grads according to the 
GRAD/DEG switch setting) of the number in the E-register. 


Example: 

To calculate the arc sine in degrees of 0.7 


Do This 


GIUO 

B 


See This 


SIN-1 


33.3310 


Attempting to calculate the arc sine of numbers greater than +1 or less than - I 

gives I £-- 1 . Press (clear to display the number previously in the E- 

register. 
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cos 


4 

Cosine ■ 

Pressing ■■ calculates the cosine of the angle {in degrees or grads) in the Entry 

register. 

Example: 

To calculate the cosine of 35 grads 


Do This 


See This 




D.B 5 BE 


The angles may be positive or negative and may be entered in D/M/5 format. 


Arc Cosine (■] §■ 


Pressing (Iff) HI calculates the arc cosine (in degrees or grads) of the number 
in the Entry register. 

Example: 

■ To calculate the arc cosine in degrees of 0.7 


Do This 


See This 




35.5133 


Attempting to calculate the arc cosine of numbers greater than +1 or less than 1 
/es /- F . ' since the arc cosine function is not defined for those values. 


gives 


Press (clear) to display the number previously in the E-register. 



TAW 

Tangent ■ 

Pressing ■■ calculates the tangent of the angle (in degrees or grads) m the Entry 
register. To find the tangent of 35 . 

Do This See This _ 


GRAO 

5 




0.1003 


Angles may be positive or negative and may be entered in D/M/S format. The 
tangent of 90 degrees (100 grads) or odd multiples of 90 degrees (100 grads) is 

calculated as 1 x 10 qa or-1 x 10 98 . 
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Arc Tangent [5] M 

Pressing ■ ■ calculates the arc tangent (in degrees or grads according ,o the 

setting of the CRAD/DEG switch) of the number in the Entry register. 

Example: 


To calculate arc tangent (in degrees) of 0.7 

See This 

IF 


Do This 

GHAO 





L 


_ BH.33ED \ 

AN trigonometric functions are easily accessed from the keyboard. The following 

table shows how to calculate them. I, is assumed that the angle » o, the number „ 
is already in the Entry register. 




Trigonometric Function Table 

% 

Function 
Sine 9 
Cosine 0 
Tangent 9 
Cotangent 9 
Secant 0 
Cosecant 0 
Arc sine n 
Arc cosine n 
Arc tangent n 
Arc cotangent n 
Arc secant n 
Arc cosecant n 


Key Sequence 
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The conversion follows the equations 


X = r cos 0 
V = r sin 6 

This may be seen from the diagram in Figure 12 

The angie » may haye a positive or negative vaiue and be of any magnitude „he 
ve example gives the same results with 9 = - 32 o°). 

Rectangular to Polar Coordinates 

The key sequence (B) JR converts rectangular coordinates X and Y to polar 
coordinates 8 and r. ' p ar 


The procedure is as follows: 

1. Enter X. 

2. Press {■§] m . 

*— / } rapt)!.** 

3. Enter Y. 

4 - Pre »0(«willbein the E-registe, and display, 

5. Press Q againfr will be in the E-register and display, 

YOU may press Q again to display ,f you conlinue , Q pres , _ 

p av The following points should be noted: ^' 

• X and Y may be positive or negative 

• The resulting value of r is always positive 

• The value of » ranges from - ,80 to + 180 degrees or -200 to + 200 grads 

of V aid 6 | k meaSUred COUn,erClOCkWiSe X-axis for positive values 

of Y and clockwise from thp v avtc 

rrom the X-axis for negative values of Y. 


/ 



Figure 12 
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As may be seen from Figure 12, this conversion follows the equations: 


6 = tan" 1 Y/X 
r = VX^TT 5 

Example: 

To convert the rectangular coordinates X = 1, Y = 2 to equivalent polar coordi 


nates. 
Do This 


See This 


Sms? 


TQ POLAR 


e . noon 

E3.H3H9 

~ETE3E0 


Comments 


I .DODD \ Enter X 


Enter Y 


Value of 0 in degrees 
Value of r 


Statistical Functions 


The 326 Scientist has a number of features that assist you in making statistical 
calculations. In addition to simple two-key sequences for obtaining mean value and 
standard deviation, there is a Hi key that automatically counts n {number of data 
values entered) in data storage register 1, calculates the sum of the data values, x, 
in register 2, and calculates the sum of the squares of the data values, x 2 , into register 
3. The symbol S, of course, means "sum." 

Clear Registers 1, 2 and 3 (jS] 1 Q 

The key sequence ['iMl f Q ) clears (places zeros in) data storage registers 1, 2 
and 3. It doesn't affect the other data storage registers, the number in the Entry register 
or the display. 

Using with Ungrouped Data 

"Ungrouped data" means a set of numeric values in which no value is repeated 
or in which repeated values are handled individually. "Grouped data" means a set 
of numeric values where one or more numbers appears repeatedly and where 
repeated numbers may be handled as a group. 
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The procedure is as follows for ungrouped data: 

T- Enter data item (x). 

2. Press |g. 

1 iS 10 regiS,er 1 " “UP, (number of items entered, 

x is added lo register 2 2 x 

x 2 is added to register 3 j x 2 

3. Additional data items are accumulated by entering a new vaiue o( „ an(j pfe 


lx 1 


Accumulated data may be retrieved at any time using: 
CD lo display the n count 
(~2 to display lx 

3 to display lx 2 


Using rn with Grouped Data 

by use of the frequency, q. T he procedure is as follows: 

1. Enter data item (x). 

2. Press |£. 

3. Enter the frequency (q). 

4. Press |Q|. 

q is added to register 1 ( n count) 

qx is added to register 2 (2x) 

2 . 

q x is added to register 3 (2 X 2 ) 

:: - ■—~ - , 


m 

(U 

(D 
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Deleting Data From a Data Group 

The sequence fill} fli removes either a single data value or a group of data 

U- f -J DCLeii 


r-ofti a statistical summation. For a single data value, the procedure is as follows: 

1. Enter data item (x). 

2. Press fMi 0. 

U- f -> OCLBTt 

1 is subtracted from register 1 
x is subtracted from register 2 
x 2 is subtracted from register 3 

To remove a group of data values, where the value x appears q times, do the fob 
■owing: 

1. Enter x . 

^ SRI 

3. Enter the frequency (q). 

4. Press 
q is subtracted from register 1 
qx is subtracted from register 2 
qx 2 is subtracted from register 3 

Example: 

To calculate n, 2x, and Xx 2 for the data values: 1, 2, 3, 3, 4, 4, 4, 5 


Do This 


See This 


D.0000 


Comments 

Clear the Entry register 
and data storage registers 
1, 2 and 3. 

Enter value of 1 




f— Et»* r - 






/.0000 \ Enter value of 1 

5.DODO \ Enter value of 2 
0.0000 ) Value 3 appears 2 times 


3.0000 \ Value 4 appears 3 times 


5.0000 \ Enter value of 5. 
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To display results of the summation 
Do This See This Comments 



To delete values 1, 4, 4, from the data group 


Do This See This Comments 


f DELETE 


' DELETE 


I 0 0 0D \ Delete value of 1 


E . D 0 0 D \ Delete value of 4 twice 


To display the new sums after deletion of this data 


Do This 

m 

CD 

Mean Value 


See This 


Comments 


S.OODO 
II.DODD 
G3.DDDD 


Once a set of data values has been entered using the ■§ key as described in the 
preceding section, the mean value, X, may be calculated. The mean or average value 
is defined by the equation 


y Sx 

* “ n 


The procedure for obtaining the mean is as follows: 

1. Enter all data values using S. 

2. Press 

The calculated mean value will be in the Entry register and display. 

Alternatively to entering data values you may simply store the values of n and 

Sx in registers 1 and 2, respectively, and then press [|ll| j 3 j to obtain the 

mean. If n = 0, attempting to calculate a mean value gives an error condition 

( I I . ~) in display). Press [«.**«] to display the number previously in the 

E-register. 
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Example: 

To calculate the mean of the set of data values 1 , 2, 3, 3, 4 


Do This 


See This 


d] (HD 


t>M f 


Comments 

JZ n n n n \ clear re 8’ 5ter5 b 2 and b 
U . U U U U _J j| ie [= n t r y register and dis- 

_ play. 

;.dodo \ 

5.0000 \ 

5.0000 \ 

H.000D \ 

5.50DD \ Mean Value 


/ - 

Standard Deviation (ap] ( 4 

Once a set of data values has been entered using the key (or if the values of 
n, 2x, Xx 2 have been directly stored into registers 1, 2 and 3, respectively), you may 
calculate the standard deviation, SD. The defining equation for the standard devia- 

tion is ___ 

f£x 2 ~ (Sx ) 2 

The procedure is as follows: 

1. Enter the set of data values using HH (or enter n, Xx and Xx 2 in registers 1, 2 
and 3). 

2. Press (■i](~ 4~) - 

If n = 0 or 1, attempting to calculate a standard deviation results in an error con- 
cfition ( I f- in display). Press c«»« to display the number previously 

in the E-register. 

Example: 

To calculate the standard deviation of the set of data values (1, 2, 3, 3, 4) used in 
the previous calculation of the mean value. 


Do This 


See This 


ram / /. / 40 / — 

L / Jl — 

It was not necessary to enter the data values again since n, Xx and Xx 2 were already 
stored in registers 1, 2 and 3. 
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Summary of Rules for Statistics Calculations 


function 


Clear registers 1, 2 and 3 
Enter single data value 
Enter group of q identical values 


Delete single data value 
Delete group of q identical values 


Recall n count 
Recall 2x 
Recall 2x 2 


Mean 


Standard Deviation 


Procedure 


(Enter x) 


(Enter x) 
(Enter q) 






(Enter x) 

(Enter x) jfsj 


r— 


(Enter q) 


BS® 

mm 

mm 


Metric/English Conversions 

The 326 Scientist meets the continued need for handy conversions from English 

to metric units and metric to English units. To convert English units to metric units. 

1. Enter the value in English units. 

2. Press W. 

3. Press the appropriate numeral or symbol key for the desired conversion. These 
are listed in the following table. 

The value in metric units will be placed in the Entry register and the display. 

To convert metric units to English units, 

1. Enter the value in metric units. 

2. Press fi) m. 

f -J meTwJc-* 

3. Press the appropriate numeral or symbol key for the desired conversion 
The value in English units will be placed in the Entry register and display. 


The following table shows the basic English/Metric conversions. Other conver¬ 
sions using multiple key sequences are also available. Note that the last two con¬ 
versions on the list (degrees to/from radians and grads to/from radians) are not 
actually in the category of English/Metric conversions. Since the key sequences for 
these two are identical the result depends on whether the GRAD/DEC switch is 
set to GRAD or DEG. 

Numeral or 

Symbol Key English Metric 


loj 

Degrees Fahrenheit 

Degrees centigrade 

m 

Inches, inches/second, 

Centimeters, centimeters/second, 

inches/second 2 

centimeters/second 2 

© 

Feet, feet/second, feet/second 2 

Meters, meters/second, 


% 

meters/second 2 

(D 

Miles, miles/hour 

Kilometers, kilometers/hour 

4 

- -/ 

Cubic inches 

Cubic centimeters 

5 

U.S. gallons 

Liters 

6 

Imperial gallons 

Liters 

7 

Pounds 

Kilograms 

8 

Ounces 

Grams 

9 

Pounds/cubic feet 

Grams/cubic centimeter 

© 

Pounds/square inch 

Kilograms/square centimeter 

{ CHG j 
[ SI GW ) 

Degrees, degrees/second 

Radians, radians/second 

( CM0 \ 

1 SIGN J 

Grads, grads/second 

Radians, radians/second 
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Other Conversions 

Additional conversions can be made using the basic conversions repetitively. For 
example, the following conversions for units of surface and volume measure can 
be performed. 


From 


Square Inches 


Key Sequence 

(Enter No. of in. 2 ) 


Square Centimeters 


-►METRIC 


—NFTRIC 


(Enter No. of cm 2 ) 


Square Centimeters Square Inches ^IB flB 1 [ |B | 1 

l— f -J METRIC— _L- y -J METRIC— L J 


(Enter No. of ft 2 ) 


Square Feet 


Square Meters 


-•METRIC 


•METRIC 


(Enter No. of m 2 ) 


Square Meters 


Square Feet 


METRIC— 




Cubic Feet 


Cubic Meters 


(Enter No. of ft 3 ) 

‘METRIC (———\ -♦METRIC /-V 


-♦METRIC 


Cl)W(XI 

CD 


(Enter No, of m 3 ) 


Cubic Meters 


Cubic Feet 


METRIC- 


METRIC— 


METRIC— 


These are merely samples. Other multiple key sequences can be developed for 
your convenience from the basic English/Metric conversions. 

The Number e (■■) 1 

The key sequence [■■] [ 1 ] places e, the base of natural logarithms, in the Entry 
register. The value of e is accurate to 13 digits. 


Do This 


See This 


E.1IBE 


Absolute Value 


The key sequence [m] 2 ] takes the absolute value of the number in the Entry 
register. The resulting positive number is left in the E-register. 


Example: 

To find the absolute value of -5 


Do This 


See This 


5.DODD 
5.0DD0 
5.DDDO 


Comments 


Change -5 to 5 

No change, because 
number in E-register 
is already positive. 


Fraction [111] 5 

The key sequence fjS]f~5l causes the fractional portion of a calculated or 
entered number to be retained in the Entry register and the display. 

Example: 

To display the fractional portion of Vl 
Do This See This 

\T\m I i.hThF} 


[z)m f 1-^ 131 J 

(S)® / n.Hinrs 

Integer (S](ir 

The key sequence [lj [ B~) causes the integer portion of a calculated or entered 
number to be retained in the Entry register and the display. 

Example: 

To display the integer portion of \Zl 


Do This 


See This 


I . H I HE 
I .DODD 


* _ 

The Number tt (S ] | 7 


The key sequence [■i](7 
of 77 is accurate to 13 digits. 


Do This 


places the constant t t in the Entry register. The value 


See This 


3. IHI5 
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Round [m] 8 

The key sequence 8 rounds the number in the Entry register to the current 
decimal point setting. 

Example: 

To round ir (3.141592---) to the current decimal setting of four places. 


Do This 


See This 


Comments 


3. i HIS \ Place 7T in E-regisier 



3 . I HIE 
3. IHI 500000 


Round to 4 places 

Display subsequent 
decimal places 


When rounding to the decimal point setting, the 326 Scientist tests the number 
that is one place to the right of the last digit displayed. If that digit is less than 5, ail 
the undisplayed digits are replaced with zeros. If that digit is greater than or equal to 
5, one is added to the last digit displayed and all the undisplayed digits are replaced 
with zeros. 

Pressing (■■][ 8j has no effect on numbers in scientific notation (when ( 3 0 % T ][*>*) 
has been specified), nor does it affect angles entered in D/M/S notation. 

Identifier (■^(JET 

The key sequence blanks out the zeros after the last significant digit of 

the number in the Entry register and leaves the resulting number at the extreme left 
of the display. Such a number is referred to as an identifier. This function is used in 
programming and will be discussed fully in the section on Programming. 

Example: 

To display the identifier 1 


Do This 


See This 



Pause 


EXP 


The key sequence 


exp is used to momentarily display a number during the 


execution of a program. The Pause function will be fully explained in the Program¬ 


ming section. 
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I 


! A " Re8,S aS zeros in all » data storage registers «[0 

fc The key sequence MM P iaces 

Ir /' 


, 9 , LJ and ysj>. I. also clears the Entry register and display. 


I. Do This 


See Th/s 





__ r - T Taaao 

r ====== l rWfif 

r== == aW F 

ffl® L —- 

Summary of Functions Using Key 

*Jcy Sequence Function 

TbS) [-Q-J Clear data storage registers 1 , 2 and 3 
r^jl pn Places the number e in the Entry register 

Takes absolute value of number in the Entry register 

[■Tl (IT) Calculates mean value using registers 1 and 2 

m caicuia,ess,andarddevia,ion usin8re8is,ers 1 ■ 2 and 1 

^ff] Retains the fractional portion of the number in the Entry register 
gjgfj Retains the integer portion o, the number in the Entry register 

\w £\m piaces the c ° nstant win entry 

Rounds the number in the Entry register to the current decimal 
-point setting 

j-jjj [^] Identifier (see Programming section) 


DELETE 


Used to delete data from a statistical data group 


Fills al! 12 data storage registers and the Entry register with zeros 


* DEC 


METRIC-** 


rssis:ar:s=ur“ 

Metric-to-English conversions 
Pause (see Programming section) 
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Sample Applications of Functions 


At this point you have been introduced to all the keys and functions that are 
required for the efficient use of the 326 Scientist from the keyboard. Therefore you 
are ready to solve a number of problems representing a variety of scientific applica¬ 
tions. The following examples make use of most of the functions described in this 
section and the techniques described in the Basic Operations section. 

Distance Traveled by Projectile 

Suppose we wish to calculate the horizontal distance, X, traveled by a projectile 
fired from a cannon with a muzzle velocity of 1200 ft/sec with the cannon barrel 
inclined at an angle of 10° (see Figure 13) 

The distance, X, is given by the formula 

„ v 2 sin 20 


X = 


where 


v =* muzzle velocity = 1200 ft/sec 
6 = angle of inclination = 10° 
g = acceleration of gravity = 32.17 ft/sec 2 


Do This 


See This 


Comments 


[OIBIOIO] 


1.300.0000 








15,303.5133 


Comments 
Displays X in meters 
Divide by 1000 

✓ 

Round to 4 decimal 
places 


Converting Three-Dimensional Rectangular 
Coordinates to Spherical Coordinates 

Suppose we wish to convert the rectangular coordinates of a point in three- 
dimensional space (X - 2, V = 3. Z - 4) to the equivalent sphencal polar coot m- 
ates <r. .. *> Where r is the radius from the origin of the coordinate system. » ,s 
the angle that t mates with the Z-axis and * is the angle .ha, r makes wt.h the X-axts 

(see Figure 14). 


To convert X from feet to kilometers 
Do This 5ee This 


The answer to four decimal places is 

X = 4.6664 kilometers 














The conversions are given by the equations 


To calculate r 
Do This 


CLEAR 






E"*-»“ 




To calculate 6 
Do This 

®(S)ss 

~GD 


To calculate <f> 
Do This 



The results are 


r = Vx t +Y t +'T j 

* = Tan-’ 

<t> = Tan-' ^ 


See This 


See This 


See This 


o.anno 

~n~nooo 
i.anno 

~~ H .0000 

£3-nnnn 

5.3B5I 


9.0000 

13.0000 
0.3013 

HO.aJTT 


Comments 

Clear all data storage 
registers and E-register 

Add X 2 to register 3 

Add Y 2 to register 3 

Add Z 2 to register 3 

Recall register 3 

Value of r 


Comments 

Delete value of Z 2 
from number in register 3 

Recall register 3 


Value of 6 


Comments 


I.5000 \ 

55 • 3039 \ Value of 


r = 5.3851 
0 = 42.0311 
4> = 56.3099' 


6 
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Mass of a Moving Electron 

A prediction of Einstein’s special theory of relativity is that the mass of a moving 
body is greater than its mass when at rest. The equatjon that describes this is 


M = 


1 - 


here 

M = the mass of the moving body 
M 0 = the mass of the body when it is at rest frest mass) 
v = the speed of the body relative to an observer 
c = the speed of light {2.9979 x 10® meters/second) 

Find the mass of an electron traveling at 99% of the speed of light. 

9.1086 x 10 31 kilogram 
V = 0.99 C 


Substituting the numeric values 

41 9.1086 x IQ- 3 ’ _ 9.1086 X IQ" 31 

0 (0.99~C) 2 ‘ VI - (0.99) 2 


1 - 


To calculate the mass, M 


See This 



The mass of an electron traveling at 99% of the speed of light is therefore 6.4569 x 
IQ- 30 kilogram. 


m 
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Great Circle Distance 

A segment of a great circle is the shortest distance between two points on the sur¬ 
face of the earth. The great circle distance (in kilometers), D, between points a and 
b is given by 


D = K cos 1 (sin La sin Lb 4- cos La cos Lb cos (Xa - Xb)) 


where 


La = Latitude of Point a Xb = Longitude of Point b 

Xa = Longitude of Point a K = 111.12 kilometers per degree 

Lb = Latitude of Point b 

To find the distance between Los Angeles and New York (see Figure 15). 
where 

La = 34° 01' 1 Lb = 40° 57') 

> Los Angeles ? New York 

Xa = 118° 40' Xb = 73° 58' 


Do This 


See This 




o.ssbb 




0.E55H 




O.BBBB 




Q.1555 




E I IB HO 00.00OB 




O.BBBB 


O.BI IE 





33II.BBSS 


rhe great circle distance between Los Angeles and New York is 3,971.8435 kilom 
:rs. To convert this distance to miles, make the conversion 



The result is 2,467.9891 miles. 

















Statistical Application 

5uppose we wish to find 2x and 2x 2 for a set of data values if the mean value, x, 
standard deviation, SD, and number of data items, n, are known. 

The equations that we use are as follows (refer to the discussions of Mean and 
Standard Deviation). 

Zx - n x 

Zx 2 = (SD) 2 (n - 1) + £*£ 

n 

For example: 

n = 5 
x = 3 
SD = 1.5 
To calculate Zx 


Do This 


See This 


Section 4 Programming 







What is a Program? 




A program is a sequence of actions designed to bring about a desired result. 

While we customarily speak of programs or programming in association with com¬ 
puters, the concepts are valid in everyday life. For example, a person going to work 

in the morning might follow a "program” that consisted of the following steps: 

1. Open the door of the house. 

2. Look outside. 

3. If the sky is cloudy, take the umbrella. 

4. Step outside. 

5. Close the door. 

6 . Walk to the garage. 

7. Open the garage door. 

8 . Enter the car. 

9. Start the engine. 

10. Back the car out of the garage, down the driveway and into the street. 

11. Drive 25 blocks west. 

12. Arrive at work. 

Normally a person thinks of such a procedure as a unit: going to work. However, 
he could consider it a sequence of steps. And if he finds it necessary to communicate 
this procedure to someone else, he might break the procedure into steps as we have. 

It might even be necessary to describe the procedure in greater detail to someone 
unfamiliar with automobiles. For example, "start the engine" actually consists of 
several discrete actions: inserting the ignition key, turning the key, etc. 

From this viewpoint, whether you are a programmer or not, you have been pro¬ 
gramming a\\ your life. Whenever you establish a new routine for yourself or change 
an existing routine, you are programming an activity. Once you have learned a new 
procedure you no longer need to devote attention to the steps that make up the 
procedure, and your mind is free for more creative work. 

Similarly, when you create a program or sequence of actions for the 326 Scientist 
to carry out, the computer executes the program automatically, freeing you for the 
more creative aspects of problem solving. 
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Programming and the 326 Scientist 


If the 326 Scientist is to compute answers for you, you must tell it what to do. You 
can do this by giving it instructions from the keyboard, When you press the kev 
sequence fJjQlTJB you are "telling” the 326 Scientist to add the numbers 
2 and 3 and display the sum. These instructions can be executed immediately as 
you enter them or, if you are creating a program, the instructions are stored in the 
computer's memory , When instructions have been stored in the memory, the 326 
carries out the program automatically at your request. In other words, you can com¬ 
mand the 326 to carry out a sequence of instructions rather than a single instruction. 

The internal memory of the 326 Scientist contains 160 memory steps. Each step 
is capable of holding an instruction, usually representing a single key. Each key and, 
in some cases, multiple key sequences have corresponding instruction codes of 
three digits. Each three-digit instruction code is stored in a memory step. For example, 
the three-digit code for the number 2 is 002; the code for the arithmetic operator+ 
is 024. The instruction codes for all of the 3 26 Scientist's keys are given in Appendix D. 

When programming, you first load the program into memory, that is, place the 
instructions that make up the program in the computer's memory. After you have 
loaded the program in memory, you cause it to be executed. Depending on how 
you design it, the program may run entirely without your intervention or it may 
require the entry of numeric data from the keyboard. You may also program the 
computer to make decisions, such as choosing one of two calculation procedures 
depending on the value of a calculated number. Lastly, the calculated results of the 
program are displayed, stored in data storage registers or recorded on magnetic 
tape...entirely at your discretion. 

The use of the 392 Tape Cassette Drive greatly increases the scope of the com¬ 
puter, since both programs and data may be written on magnetic tape cassettes for 
later entry and use. These expanded capabilities will be discussed in the section on 
the 392 Tape Cassette Drive. 


Program Controls 

The keys and switches specifically used in programming are indicated in Figure 16. 
These controls are discussed at appropriate points in this Programming section. 

The RUN/STEP/LOAD switch governs the mode of operation of the 326 Scientist, 
as described in the following paragraphs. 
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The RUN/STEP/LOAD Switch 

During operation from the keyboard, the RUN/STEP/LOAD switch is in the RUN 
position. The RUN position is also used when the 326 Scientist is automatically 

carrying out a program stored in its memory. 

The LOAD position is used to load a program into the computer's memory. A 
program is loaded by pressing the desired sequence of keys. Each key on the 326 
bps a corresponding three-digit instruction code. As the keys are pressed, the three- 
digit instruction codes are stored into successive memory steps. In some cases a 
angle instruction code is used to represent a sequence of several keys. After the 
tyogram has been loaded, the RUN/STEP/LOAD switch is placed on RUN and the 
program can be started and executed with little or no intervention required on your 

part. 

The Step position of the RUN/STEP/LOAD switch allows you to execute a pro¬ 
gram one step a. a time at your command rather than have the computer execute 
all the steps automatically. This is useful when you wish to closely analyze the opera¬ 
tion of a program. 


Display During Program Loading 


During loading the display is divided into four segments. Each segment displays 
three digits. Immediately to the left of center is a three digit number preceded by a 
decimal point. This is the present step number. When an instruction is loaded, it 
Will be loaded at this step. The segment to the left of the present step number is the 
three-digit code for the instruction at the previous step number. 

If a program has already been loaded, the segment just to the right of the step 
number shows the three-digit code at the present step number. The segment on the 
tar right shows the three-digit code for the instruction at the next step number. 

If the 326 has just turned on, the display looks like this when you switch to Load. 




. DP I _ 


This means you are at program step number 001 and there are no instructions in 
memory- 
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The display below shows the display divided into four segments as just explained. 
The step number and codes have been arbitrarily chosen but are typical of what 
would appear in a program. 

Display Format 


Present program Instruction at the 

step number (098) next step (099) 



Instruction code Instruction code 


at the previous at the present 

step (097) program step (098) 


The following table shows the keys to 
099 correspond. 

Program Step Number 

097 

098 

099 


which the instruction codes in steps 097- 


nstruction Code 

Key 

002 

[El 

023 | 

D 

003 j 

3 


Thus, this portion of the program represents the calculation of 2 x 3. 


The START/STOP Key 



This key, used exclusively with programming, has two functions: 


1. To start execution of a program that is in memory when the computer is in 


Run mode. 


2. To stop execution of a program, either for entry of data from the keyboard or 
to display a result. 

Additionally, when the jnrfjl key is used immediately following a Hi key as in 
the sequence (ft tYiljj , the program jumps to step 001 of program memory. 


86 


ju vp 


The Jump Key 


This key is used to go directly from one point in a program to another point. dH is 
used in conjunction with a label, which is a key used to indicate the point in the 

cnogram to which the jump is to be made. 

Labels and their use with ■§ will be discussed in greater detail later in this 


section. 


Loading a Program 


The general procedure for loading a program is: 


1. With the RUN/STEP/LOAD switch in H™, press £■ gg§ . This provides 
access to the first program memory location (step 001). 

2. Put the RUN/STEP/LOAD switch in . The display changes to the four-part 


Load format previously described. 

3. Load the program, pressing the appropriate keys in the desired sequence. 
When you press a key, its corresponding three-digit instruction code is loaded at 
the step number shown in the display. The step number is increased by one and you 
are immediately ready to load the next instruction. The code just loaded will be at 
left side of the display. Step 160 is the last available location in memory. After load¬ 
ing step 160, the next step number is 001 again. 

Some multiple key sequences load into one step rather than several steps. Ihese 
key sequences will be discussed later in this section. 

A complete list of instruction codes is given in Appendix D. The pullout card under 

the computer also has a complete list. 


Executing a Program 



After a program has been loaded, you execute it as follows: 

1. Switch the RUN/STEP/LOAD switch to jjj";. 

2. Press 

The program executes automatically until it encounters a Kra i instruction. The 
program then stops either to display a calculated result or wait for the entry of a 
value from the keyboard. 
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Flowcharting 


A useful preliminary step in writing a program is to make a flowchart of the pro¬ 
cedure for solving the problem. A flowchart is a diagram representing the sequence 
of steps and actions that make up the program. The following symbols and conven¬ 
tions will be used in flowcharts of programs appearing in this book. 

Symbol Meaning 

Function. The words or symbols within the rectangle 
represent the action to be accomplished in this portion 
_ of the program. 



Terminal. This symbol represents the starting or stopping 
point in a program. 


</v ■ 

\Zt-;y 

f'' 

;w;v 

" ^ ^ 




'i.’" 




■ 


Lines with arrows. These represent the direction of flow 
in the flowchart. If the arrow is omitted, a horizontal 
line is assumed to flow to the right and a vertical line is 
assumed to flow downwards 

There are many other symbols that can be used in flowcharting, but these will 
serve our immediate purpose. 

Introductory Program 

As an introduction to programming the 326 Scientist, we will write a program 

that multiplies 6x7, displays the answer, and returns to the start of the program to 

execute it again. The flowchart (see Figure 17) shows the different parts of the pro¬ 
gram. 


Program Flow 


Remarks 

Start the program 


6x7 


Calculate 6x7 = 


t;--: • • . 1 




&:irv 


Stop the program to display the answer 




m . ■■ 
te-. 


!!;■. 


Jump to 
Start 

(Step 001) 


Figure 17 


After the answer is displayed, start the program again, 
(The program starts in step 001.) 
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Remarks 


To Load the Program 

Do This See This 



These positions may have in¬ 
struction codes from a previous 
program. If no program has been 
loaded since turning on the 326, 
these positions will be blank. 



You execute the program, as follows: 
Do This See This 



Proceed to step 001 in 
program memory. Begin 
loading instructions 
there. 


Enter 6 {Code 006) at 
step 001. Step 002 is 
ready to be loaded. 

Enter muItiplication 
operator X {Code 023) at 
step 002. 

Enter 7 (Code 007) at 
step 003. 

Enter = (Code 020) at 
step 004. 

The Stop instruction 
(Code 033) causes the 
program to stop to dis¬ 
play the answer. 

These two instructions 
cause the program to re¬ 
turn to step 001. 

Prepare to execute (run) 
the program. The display 
shows the number that 
was in the display before 
switching to Load. 

Remarks 

The display blinks during 
program execution. 

The program stops after 
the calculation to dis¬ 
play the answer. 

The program executes 
the Jump and Start in¬ 
structions and then cal¬ 
culates 6x7 again. 
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Sample Program: Volume of a Hollow Sphere 

Suppose we want to write a program that calculates the material volume of a 
hollow sphere (seeFigure18).The Volume V of the solid part is given by the equation 

v = | 7r(r 0 3 - r A 


where 


r o outside radius of the sphere 
r, = The inside radius of the sphere 





V 


V 


Figure 18 


The general procedure to solve this problem is: enter values fo, r„and calculate 
V, display V, then return to the beginning of the program to execute it with new 
values of r„and r,. The first lime the program is run, r 0 is assumed to be in the Entry 
register. The flowchart for this program is shown in Figure 19 


9 


















*5 


To run the program with the values r 0 
)o This 5ee This 


= 4.01, r, = J.o 


H.DI 0 



3.B 00 




Comment s 
Enter 4.01 

Start execution of pro¬ 
gram 

Enter 3.8 

Start execution of pro¬ 
gram again 

The display shows blink¬ 
ing dashes as program 
calculates V 


f~ ~~HB.B 503 \ Vis displayed 

You may now enter a new value of r 0 and press to cause the program to be 
executed again. Try the program using the following values of r 0 and r, Ithe result,ng 

values of V are presented at the right). 


r o 

r i 

V (Calculated) 

4.02 

3.80 

42.2766 

4.00 

3.85 

29.0424 

5.00 

4.00 

255.5162 


Labels 

label is a symbol used to name a program or program segment. The label occupies 
,e step in program memory immediately before the beginning of the program or 
rogram segment to which it refers. The symbols available for use as labels are the 
umeral keys, fo]-® the decimal point key. Q, and the change s.gn key, 
“hFI 

ilGMJ . . 

When a program or program segment has been labeled, you may lump to ,t from 
ome other point in program memory using the jump instruction. 











To label a program or program segment, do the following: 

1. Set the RUN/STEP/LOAD switch to ■». 

2. Access the desired memory step using ■■ or 

3. Press [ggl M • 

f -J L*0€l 

4. Press one of the following keys: ( 0 - g , • ) or [7iS G ]) 

Each label has its own three-digit code. The label codes are as follows: 
Key Sequence Instruction Code Key Sequence Instruct , 


LABEL 


LABEL 


LABEL 


LABEL 


LABEL 


LABEL 


200 


201 


202 

203 

204 

205 


LABEL 


LABEL 


LABEL 


LABEL 


Instruction Code 
206 


207 


LABEL 


LABEL 


CNG 

SIGH 


210 


211 


212 


213 


Example: 

To load a program that calculates 6 x 7 starting at memory step 15 and assign it 
a label 2. 


Do This 


See This 


JUMP 



Press 


14 times) 



LABEL 


I .015 

lion .DIE 
(boo .die 

fSOB .DIE 


gfo .030 

lOBB .031 


Comments 

0 • DODO ~\ lump to step 001 

Switch to Load 

\ Co forward in memory 

— -' to step 15 

\ This sequence of three 

__J keys loads one instruc- 

V instruction code into 
\ step 015. Thestepcounter 

- does not change until all 

A three keys have been 

--) pressed. 

Begin loading the pro¬ 
gram in step 016. 

\ Calculate 6x7 = 

\ Stop to display answer. 

Place in Run mode in 
preparation for execu- 


To jump to a labeled program or program segment, do the following: 

1. Set the RUN/STEP/LOAD switch to jjjiH;- 

2. Press Hm ■ 

3. Press the key for the desired label ([ Q^]- [ 9 | . [ * ] or [sigw) > 

Example: 

To jump to the program labeled 2, which was previously loaded at step 15 

On This See This Comments 

H f~2~l / ~ D.UDOD \ i um P to label 2 

Switch to Load mode to 
verify that the computer 
is indeed at step 015. 

Switch to Run mode and 
execute the program that 
calculates 6x7. 

• (XI® / 33.0000 \ K r program 

again. 

These important points should be noted with respect to labels: 

• The use of labels allows you to jump to a program or program segment regard¬ 
less of its exact numeric step number. A program may be relocated in memory 
through the use of INSERT and REMOVE instructions (these instructions are 
discussed in the section on Modifying a Program). However, you may jump 
directly to the program by using a JUMP and the appropriate label. 

• If you wish to jump to a label, you must define it first. If you attempt to jump to 
a label that has not been defined, the 326 will automatically jump to step 001 
in memory, 

• If a label appears more than once in memory, only the label at the lowest step 
number is recognized. 
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Sample Program Using Labels 



This example demonstrates the use of labels when loading more than one pro¬ 
gram. Three different programs are written to calculate the hyperbolic functions: 

Program A sinh (x) = — ~ e - 


Program B cosh (x) = e> * e " 

Program C tanh (x) = S*-~ e ~* 

e* + e“* 


These programs may be loaded anywhere in program memory. For demonstration 
we will load them at starting address 027. 


PROGRAM FLOW 


Program A 



Figure 20 


i'y- 




















Comments 


To load the hyperbolic function programs 
Do T his See This 




These locations may be blank 
or have instruction codes from 
a previous program. 




Go forward in memory 
to step 027 

Define label 2 


Compute Sinh(x) 

Display Sinh(x) and enter 
a new x value if another 
Sinh(x) is to be calculated 

Return to label 2 for a 
new Srnh(x) calculation 

Define label 3 


Calculate Cosh(x) 



033 .033 




f l«acc 


\003 .031 
'303 . 039 




C 

) ! = 


■033 .053 


030 .051 
'033 .053 


003 .033 

' 0 .Woo 


Display Cosh(x), and 
enter a new x value if 
another Sinh(x) is to be 
calculated. 

Return to label 2 for a 
new Sinh(x) calculation. 

Define label 4 


Calculate Tanh(x) 


Display Tanh(x), and 
enter a new x value if 
another Tanh(x) is to be 
calculated. 

Return to label 4 for a 
new Tanh(x) calculation. 

The programs are loaded 
and ready to run. The 
display shows the same 
value that it held prior to 
program loading. 
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To run the hyberbolic function programs 
follows: 

1. Enter x 

2. To compute Sinh{x), press 

3. To compute Cosh(x), press 

4. To compute Tanh(x), press 


using these labels, the procedure is as 



Examples: 


To calculate Cosh (0.72) 

Do This See This 



To calculate Tanh (1.07) 

Do This See This 

mcDss * a 



To calculate Sinh (1.42) 

Do This See This 
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Modifying a Program 


After a program is written you may want to modify it by adding, changing or 
removing instructions. The 326 Scientist is designed to let you do this quickly and 
easily. 

The programming controls B , B and ill allow access to any point in the 


program. B and (b] B allow the insertion and removal of instructions at 
the location accessed. 

Changing an instruction does not require the use of S or [fa] B . You simply 
load the new instruction at the desired memory step. The instruction that you load 
replaces a previously loaded instruction. 


The Forward Key 



When the 326 Scientist is in Load mode, pressing this key allows you to.advance 
one memory location to the next higher step number. You can move through pro- 
gram memory one step at a time using this key. B does not alter the instructions 
in the computer's memory and it does not cause program execution. When you are 
at step 160, pressing B brings you to step 001. 


The Backspace Key ■■ 

When the 326 Scientist is in Load mode, pressing this key allows you to move 
back one memory location to the next lower step number. You can move back¬ 
wards through program memory one step at a time using this key. B does not 
alter the instructions in the computer's memory and it does not cause program 
execution. When you are at step 001, pressing B brings you to step 160. 


The Insert 



INSERT 



fa allows you to add an instruction within a program. The step numbers of 
instructions after the insertion are increased by one and no instructions are lost. 


The Remove Key (fai) M 

' y .J 1 remove 

(*f) JSR allows you to remove an instruction from a program. The instruction 
is removed and the step numbers of all program steps after the removed instruction 
are decreased by one. 
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Accessing a Step in Memory 

To access a particular step in program memory, do the following: 

MM 

1. jump to the label nearest the location to be accessed. The sequence is M . 
followed by the appropriate label. 

2. Set the RUN/STEP/LOAD switch to gs*. The address of the label, the label 
code (200 to 213) and the codes immediately before and after the address of 
the label are displayed. 


3. If the memory step to be accessed has a higher step number than the current 


one, press 



to get to the next higher step in memory. To go forward several 


fWO 

steps, press ■§ repeatedly. 

4. When the memory step to be accessed has a lower step number than the 
current step, press M to go to the next lower step in memory. Press S 
repeatedly to go back more than one step. 


Example: 

Using B and B to access specific memory locations. 
To access Step 007 


Dn Thk 


See This 



Inserting an Instruction 

The procedure for inserting an instruction in a program is as follows: 

1. Access the step number where the instruction is to be inserted (using ■ to 

i iii 

the nearest label, B or B as required). 

2. Press S . All instructions starting from the current memory step are moved 
one step higher, leaving a blank at the current memory step. If program memorv 
is full, the last instruction in the program (before iH was used) is lost. To 
insert more than one instruction, press !■ once for each instruction to be 
inserted. 

3. Press the key of the instruction to be inserted. Its code is put into the blank step 
created by the jj|j • If you have created several blank steps by using ■■ 
several times, press the appropriate number of keys to fill the blanks with the 
new instructions. If you don't key in an instruction code after creating a blank 
with S , the program operates as if the blank step were not there. 

Changing an Instruction 

The procedure for changing an instruction is as follows: 

1. Access the memory step or the instruction you wish to change. The induction 
code to be changed appears immediately to the right of the step number. 

2. Enter the new instruction by pressing the appropriate key. The new instruction 
replaces the old instruction and appears to the left of the program memory 
location number. The step number is increased by one. 

Removing An Instruction 

The procedure for removing an instruction from a program is as follows: 

1. Access the memory step of the instruction to be removed, as described above 
(using til to the nearest label, ■■ or ill as required). 

2. Press [■■] ■§ • The instruction at the current memory step is deleted. All 

V_ f 

following instructions in the program are moved one step lower in memory. 
If the program memory was full, the last step becomes a blank. 

3. To remove a string of instructions, access the location of the first instruction 
of the string and press [■■] ■£ . Then continue to press [■■] JB , once for 


each subsequent instruction to be removed. 
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Sample Program Modifications 


we will load a program in memory that calculates the area of a circle, A rr , 
„^, e r is the radius. We will then modify the program three times to show how 
l ^ructions are inserted, removed, and changed. The program has the follow,ng 
I ^auence of instructions prior to modification. 


Number 

001 

002 

003 

004 

005 

006 

007 

008 


Cod? 

033 

162 

025 

107 

020 

033 

350 

033 


Key 





W 7 




JUMP 


Comments 
Enter r 
Calculate r 2 


Multiply by n 


Display A 


Jump to step 001 


To load the program, do the following: _ 

1. With the computer in Run mode, press til ' 

2. Set the RUN/STEP/LOAD switch to Has- 

3. Enter the key sequence as listed. 






Inserting Instructions 

To insert the Identifier 1 just prior to the first Stop instruction: 

Th< 5 See This r 

__ Comments 


INSERT 


INSERT 




.001 033 


I .001 

r .aoi 

'001 .003 


100 .00 3 033 

Trr~oaT7i ff 


/ 50\ The display shows 
memory location 001 
and the first two codes 
of the program. 

flll\ J his creates two blank 

— -M locations at steps 001 

\ and 002. The original 
J program steps are moved 
forward two steps. 

~nTl\ T , he first b 'ank is re- 

— - ) placed by the numeric 

value 1 which will be 
used by the next step as 
the value for the Identi¬ 
fier. 

l~SO\ T, he code 1111) for the 

— ■ ) identifier function is 

Tril oaded into the blank 

1 PCf location at step 002. 


0.0000 1 Prepare to run the P f °- 

— --I gram. 


To run the modified program with a radius, r 
Do This See This 

& S 3 



Comments 

lump to step 001. 

Start program execution. 
The identifier displays 
indicating that the value 
of r must be entered. 


0.0000 1 Enter value of r. 

10.5503] Value of A is displayed. 


Removing Instructions 

Suppose you wish to remove the identifier and the second Stop (where the value 
of A is displayed). 

Do This See This Comments 



.001 001 III 


I00D 


. 001 
TodT 

.005 


I I I 

Ml 

W3 


033 

Too 

~350 


This removes the Identi¬ 
fier instructions at steps 
001 and 002. 

The second Stop instruc¬ 
tion (code 033) is now 
in the current step posi¬ 
tion. ■ 




Removes the Stop i nstruc- 
tion at step 006. Notice 
that code 350 is now in 
step 006. 


Changing Instructions 

Suppose we wish to change the £■ at the end of the program to HI [ 3 j 
(This assumes that we have another program in memory labeled 3.) Since we are 


already at step 006 from the last example, we proceed as follows: 

Do This See This Comments 



350 .001 033 


Advance to step 007 
without changing the 



in step 006. 




Step 007 now contains 
the label 3. Step 008 is 
blank. 


Subroutines and Branching 

Programs often require the use of the same sequence of instructions in several 
places. Rather than loading the set of instructions each time you need it, you may 
define a subroutine to which you branch at each point of the program where the 
sequence is needed. 

A subroutine is a labeled program or program segment which may be considered 
a part of another program. The last step of a subroutine is a Return instruction and, 
after execution of a subroutine is complete, you return to the step immediately 
following the point from which you branched. This is shown in Figure22,where the 
main program branches to the subroutine on two occasions. 


B anch 

The Branch instruction is similar to the Jump instruction in that it allows you to 
go from one point to another in program memory. However, it differs from Jump 
in that Branch causes the step number from which the Branch was made to be 
saved so that you may later return to the point in the program from which the Branch 
was made and continue executing from the instruction following the Branch. 

The procedure for loading the Branch instruction is as follows: 

1. With the computer in Load mode, press (■■) g® . 

2. Enter the label of the step to which the Branch is to be made by pressing one of 
the keys: (~Q~) -f9~), pH orQ ’ 


Return (_®Pj 

The Return instruction returns program control to the memory step immediately 
following the step from which the last Branch occurred. The key sequence used is 




Instructions 


SUBROUTINE PROGRAM FLOW 

Main Program 


Instructions 


Branch to 
label n 


Branch to 
Label n 



Subroutine 
label n 


Return 


Instructions 


Figure 22 


6 


tules for the Use of Subroutines 

sunes i | -u e | instruction, JBfr • 

V The first instruction of a subroutine m instruction, 

, -—-— 

5. Subroutines may be nes • f branc h- 

branch to a subroutine. rh mav cause a meaningless value 

followed by any label. 


Sample Program Using a Subroutine 

Suppose we wish lo compute values of 


Vi + Ln A _ 
TTUTB + Vi + Ln C 


• of the form VTTLtTx appears three times. Rather 
In this equation an expressi subroutine that 

than p , og ram this expression three times, ^ ^ needed. 

evaluates the expression; then the mam P g t0 the subroutine 

1- -» ^ : 7 : 5 L f o : ar for - - P— and 

:rr:;c"- r r - - - - c h ~ 

previously treen stored in registers 1, 2 and 3, respectively. 
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Main Program: 


Star! 


Recall A 


Subroutine: 



Figure 23 


To load the main program 


Do This 


See This 




SSI ^ 




BAA** 


foal 

^_-—- - 

foTs 


IdsT 

tool 

taTs 


.001 

'.003 

~Has 


OSS .003 
7wJ~~003 

WtTlTTT 


.PIS 

.013 

UTs 


Comments 

Start loading the program 
atstepOOI. 

Place A in the Entry regis¬ 
ter. 

Branch to the subroutine 
1 at label p~| to calculate 

VT + Ln~A. 


Place B in the Entry regis¬ 
ter. 

Branch to the subroutine 
at label QD to calculate 


vTTTtTb. 


Place C in the Entry regis¬ 
ter. 

Branch to the subroutine 
at label p*"! 10 cair.u'a'e 



l oqT~dTT 

fnTa . o i b~ 

laJTTaTa 

Idbo^ToeT 


Calculate V 
Vi + Ln C- 


Calculate Y 
Display Y 

lump to step 001 to re¬ 
peat the calculation us¬ 
ing different values of A, 
B and C 


9 
































The subroutine may be loaded anywhere in program memory. For convenience 
we load it immediately following the main program. 

See This Comments 


Define label ( • ] 

Calculate Ln X (X = A, 
B, or C). 

Calculate 1 + Ln X. 


LABEL 


Calculate VT+ Ln X. 

End of subroutine. Pro¬ 
gram returns to execute 
the step immediately 
after the last Branch that 
was executed. 


Place computer in Run 
mode to execute the pro¬ 
gram. 


0.0000 


To run the program using the values A = 3, B = 4 and C = 5. 

3 This See This Cerements 


Store the value of A in 
register 1 . 

Store the value of 8 in 
register 2. 

Store the value of C in 
register 3. 

lump to step 1. 

Execute the program. 
The value of Y is dis¬ 
played. 


3.0000 

V.OOOO 

5.0000 

sToooo 

dThsbh 


The computed value of Y = 0.4584 


Decisions and Conditional Testing 


In programming, one often wishes to jump to another program or program seg¬ 
ment or branch to a subroutine only if some condition is satisfied. The 326 Scientist 
<s capable of testing the number in the Entry register to see if it satisfies a particular 
condition, and, if the condition is satisfied, performing the required jump or branch. 
You can test the number in the Entry register for the following conditions: 

Greater than zero {> 0) 

Less than zero (< 0) 

Equal to zero (=0) 

Greater than or equal to zero (5=0) 

Less than or equal to zero (ssO) 

Not equal to zero (^0) 

The 326 Scientist can also test whether an entry has been made from the key¬ 
board. 

A conditional test always asks a question. If the answer is yes, the program jumps 
or branches to the label that you specify. If the answer is no, the computer continues 
(o execute the program steps that follow the test. 

Flow Chart Symbol for Test 

At this point, we will add another symbol to our "vocabulary" of flowchart sym¬ 
bols. A diamond-shaped box is used to indicate a test for some condition. 

Symbol Meaning 

O Test. A test is made for the condition indicated 

by the words in the diamond. One flowline 
enters the diamond. Two or three flow lines 
exit from the diamond-shaped box. The exit 
flow lines are usually labelled "yes" or "no 
(if there are two exits). 


Ill 




Example: 


Jump to 
label 1 


X >o 
? 


Instruction 


In the portion of a flowchart shown, 
a number X is tested to determine 
it it is greater than or equal to zero If the 

the program continues in sequence. ' 




Conditional Jump 

,22s sequences ' ins,,uction codes and meaninss for *■ /-p 

m ’ S ; re g ' Ven ^ f0 "° Win6 ,able ' The “* “ vvh.ch the lump is t0 fa, 

made ™ 5t ^ •<* the Conditional luntp i„ s , ruct , on 


Key Sequence 




JUMP 


a 

a 

JUMP 


Instruction 

Code 

351 


352 


353 

354 

355 

356 

357 


Meaning 

Jump, if the number in the E-register 
is positive, to the label specified in 
the following memory step. 

is'negadve. 6 in thc Ere 8 |Sto 

Jump if the number in the E-register 
is positive or negative, but not zero. 

is Tercf ^ nUmber the E ' re ^er 

Jump if the number in the E-regfster 
is greater than or equal to zero 

lheTjb a oard n,rV ^ ™ de 


Example: 

The key sequence S Ofl® ™ans ",u mp t0 , abel 2 if the numbe , ^ 
E register is greater than or equal to zero" 


Conditional Branch 

The key sequences, instruction codes and meanings for the Conditional Branch 
instructions are given in the following table.The label to which the branch is to be 
made must be specified immediately following the Conditional Branch instruction. 


instruction 

Key Sequence Code 



367 


Meaning 

Branch, if the number in the E-register 
is positive, to the label specified in 
the following memory step. 

Branch, if the number in the E-register 
is negative. 

Branch, if the number in the E-register 
is positive or negative, but not zero. 

Branch, if the number in the E-register 
is equal to zero. 

Branch, if the number in the E-register 
is greater than or equal to zero. 

Branch, if the number in the E-register 
is less than or equal to zero. 


Branch, if an entry has been made 
from the keyboard. 


Example: 

The key sequence (iB] M means "Branch to label 3 if the number in 

the E-register is negative." 


Sample Program Using a Conditional Jump 

A Conditional Jump instruction is used in the following program that calculate: 

the sum of the first 17 integers (1+2-+ 16 + 17). As shown in the flow 

chart ( Figure 24), the number in register 0 is tested to see if it equals 17. If it equal 
17, a jump is made; if it doesn't equal 17, the program continues to the next memor 
step in sequence. 








Figure 24 


is loade 



START 


STOP 


START 

STOP 


START 

STOP 


START 

STCF 


tc»o 
















To load the program 
Do This 


0.0000 


START 

STOP 


Comments 


Enter 1. 


Identifier. 


Stop to enter x. 


Sample Program that Tests whether an Entry Has Been Made 


In this program we wish to calculate 

y = a 2 - 7 

for a number of values of a. The flowchart for this program is shown in Figure 25 

The Identifier 1 is used to indicate that a new value of a is to be entered. If an 

entry has been made, the program jumps to Label 2 and performs the calculation. 

If no entry has been made (indicating all calculations have been done) the Identifier 
8 is displayed and the program is terminated. 


Enter 8. 

Identifier. 

End of program. 

Move to step 020. 

Label 2 is arbitrarily 
placed at step 020. 

a* function. 


Enter exponent. 
Calculate y. 

Display y. 

Switch to Run mode. 


UJ 

d) 

(p(X 

cedid 

FWD 

(Press B 11 times) 


6 


Start 



Figure 25 


11 7 




















'iff. 


To run the program for values of a = 2, 3 and 4: 
Do This See This 





Comments 

Start program execution, 
Identifier 1 is displayed. 

Value of y = 2 27 
Ready for a new value of 


/ 3.3130 \ Value of y = 3 27 


E. 3330 



30.0030 \ Value of y = 4 27 


Ready for a new value 
at a. 




No entry was made. 
Identifier 8 is displayed 
indicating the end of the 
program. 


Conditional Tests on Numbers other than Zero 

Occasionally you may wish to test a number to see if it is less than, greater than 
or equal to a particular nonzero number. You may use the Conditional Jump or 
Conditional Branch instructions previously described for this purpose. First you 
perform a subtraction so that the test can be made in terms of a comparison with 
zero. For example, suppose you want to perform a Branch if a calculated number, Z, 
is greater than 100. Simply subtract 100 from Z and then perform the Branch if 
Z - 100 > 0. 

In the following table, flowchart symbols of the various test conditions are shown 
along with the instruction sequences that will accomplish the tests. The label, i, 
may assume the values ( 0 ] - [ 9 ) , ( ■ ] or . 


Test instructions 

Subtract N from the number in the Entry register 


Jump or Branch 
to Label I 


JUMP 


BRANCH 


Subtract N from the number in the Entry register 

JUMP 


Jump or Branch 
to Label I 


BRANCH 


Subtract N from the number in the Entry register 

JUMP 


lump or Branch 
lo label < 


V_ j —J BRANCH- 

Subtract N from the number in the 


Entry register 


Jump or Branch 
to Label i 




lump or Branch 
to Label i 


^ y —/ BRANCH 

Subtract N from the number in the Entry register 

JUMP 


f —' BRANCH 

Subtract N from the number in the Entry register 

JUMP 


lump or Branch 
to Label I 


BRANCH 


Sample Program: Testing Nonzero Numbers 

Suppose that a function, F, is to be evaluated using one of three different expres¬ 
sions depending on the value of the independent variable, R. Specifically, 








Start 



Figure 26 








































Stepping Through a Program 


The 326 Scientist permits you to execute a program one step at a time. Using this 
feature, you may observe program execution closely. This is particularly useful in 
determining what modifications a program may require. To step through a program, 

first set the RUN/STEP/LOAD switch to Qsk . 

When in Step mode, each time you press §§j| the following things happen: 

. The display shows program information for about one second. The current 
memory step, its code and the previous and next code are also shown, m the 

Load format previously described. 

. The instruction at the current location is executed and the result of the instruc¬ 
tion is displayed. (Multi-step instructions like are executed together 

as one instruction.) 

• After the instruction is executed, the program stops with the current contents 
of the Entry register in the display. You must press gj again to continue step¬ 
ping through the program. 

If you move the RUN/STEP/LOAD switch from Q-'-t to pressing g!§ will 
cause program execution from the current step in memory. 

EX To demonstrate stepping through a program, enter the following program that 
calculates the area of a circle (A = nr 2 ) into memory starting at step 001. 


Instruction 

Memory Step Code Key 



Comment 
Enter 1. 

Identifier. 

Stop to enter r. 
Calculate r 2 . 

Calculate irr 7 . 
Display A. 

Jump to step 001. 


123 






Comments 


To step through this program with r = 2 


Do This 


B “< & cnrnm 
sr ■ O D 








See This 



V33 


IBP 


033 


101 


0P0 


1 033 


0.0000 
.001 001 III 


Jump to step 001 and 
switch to Step mode. 

Displays load format. 

Executes the instruction 
001 (Entry of 1) in step 
001 . 


‘ I . 0 0 0 0 \ Display after execution. 

fQ0 I ' BOP III 033\ Displays load format. 

Executes the Identifier 
instruction in step 002. 

/ . \ Display after execution. 

Ill .003 03 TTbo\ £tff in,,uc ' 

/ . \ Display after execution. 


Enter r = 2. 

Executes the (■■) 
instruction. / * 

Displays value of r 2 . 
Executes X instruction. 
Value of R 2 . 

Executes i r instruction. 


5.0000 

.ooh isp TFpo 

h.oooT 

. OPS 033 Wf 

~ H.aooa 1 

.DOB 101 OOP' 

3. man 

.001 OOP 033] 
IP .5Bl3~ ] 

■ ill -- , , , —, J 

.OOP 033 3JS\ 

ip .beJT^ 

.009 350 MT\ 
IP. SE5~3~\ 
.001 001 I I l\ 


Displays 7 r. 

Executes | 
tion. 


mstruc- 


Calculates A =* 7rr 2 . 

Executes Stop instruc¬ 
tion. 

Displays value of A. 
Executes* jgg (a 
double instruction) 


The program is back to 
Step 001. 


I .0000 A Executes this instruction. 


2 


It is possible to make keyboard calculations when stepping through a program. 
Make sure that your keyboard arithmetic does not interfere with any program arith¬ 
metic in progress. To keep from interfering, you may need to isolate your keyboard 
arithmetic with parentheses. If your program uses parentheses, make sure that the 
sum of the program and keyboard parentheses doesn't exceed four. 


The Pause Instruction 

The Pause instruction allows you to briefly display intermediate results during the 
execution of a program. The key sequence isfWi] [ EXP ] . This causes the program to 
pause about three seconds during execution to display the contents of the Entry 
register. 

Multiple answers can be displayed by including a Pause instruction after each 
answer is calculated. Each answer can be identified by pausing to display an iden¬ 
tifier just before the answer is displayed. 

Example: 

Suppose in the previous program calculating the area of a circle, we wish to pause 
to display the value of r 2 as well as displaying the final value of A. We will insert a 
Pause instruction [m] [exr] immediately after the calculation of r J at step 004. 


Do This 


See This 


I .0000 


Comments 

Jump to step 001. The 
number 1.0000 was pre- 
viously in the Entry regis¬ 
ter. 


(Press 


4 times) 



IBP 


I 13 


boi dpi . iTT\ Switch to Load mode. 

nnr nn-i \ nn\ Move forward to step 
00 5 Odd I U I] 005, following the calcu¬ 


lation of r 2 . 


005 003 I 0 l\ Insert a Pause instruction. 

— j -«V Switch to run mode to 

_/ ■ liutiu \ execute the program. 
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Comments 


To execute the program with r = 2 


Do This 


See This 




E . 0000 
H. 0000 

IE.5553 


Identifier T displays. 
Enter r - 2. 

Start execution. The 
value of r 2 = 4 displays 
briefly, followed by the 
value of A = 12.5663. 


Look Ahead Feature 

When the 326 is stopped while executing a program, it may be desirable to look 
ahead to see what program step will be executed next without actually executing 
the next step. 

To do this, press ■■ when a program is at a Stop. The display changes tempor¬ 
arily to Load format and the instruction code to be executed next is displayed just 
to the right of the next memory step number. 

The Look Ahead feature is also useful when an error occurs in the execution of a 

program. If l £ . \ occurs during execution, press cle»« to see the number 

in the display just prior to / £ . \. Then press ■§ to see the instruction 

that caused the Error condition to occur. 


Display of Program Listing 

With the RUN/STEP/LOAD switch set to Qjp,;, pressing jp briefly displays each 
program instruction in sequence. The display shows the program listing in Load 
format. No execution occurs, 


A 


Some Programming Hints and Techniques 


This section describes some useful programming hints and techniques that may 
help you to write programs more efficiently. 

Handling Variables and Constants 

In general there are three types of data used within a program: 

1. Data values that change every time the program is run 

2. Data values that change infrequently 

3. Data values that never change within a program 

For most efficient programming and execution, the following rules should be 
followed: 

1. A data value that changes each time the program is run should be entered at a 
Stop instruction within a program. 

2. Values that are the same for many runs of the program should be stored in data 
storage registers. Thus, they need not be entered each time the program is 
run, but can still be changed whenever it is necessary. 

3. Numbers that are constant within the program, and never change, can be 
entered as program steps. Once the program is written, they need never be 

entered again. 

You may wish to store constants that have many digits in data storage registers 
rather than enter them in the program where one memory step must be used 

for each digit of the constant. 

Stop Instructions in the Middle of Arithmetic Sequences 

Using a gg instruction in the middle of an arithmetic sequence in a program is 
not recommended, since keyboard operations done while the Stop is in effect could 
change or interrupt the algebraic sequence in progress. Thus, program sequences 

such as 



should be avoided. If a Q or other arithmetic operation is performed while at the 
Stop, the [JT)SJ instructions are lost and the program will not calculate the 

intended answer. 
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Use of Identifiers 

When several numbers must be entered within a program using different Stop 
instructions, it is very useful to identify each Stop with a unique number in the 
display. This may be accomplished by using the identifier instruction 
with a numerical value. 

Identifiers can also be used in displaying multiple answers with the Pause instruc¬ 
tion. 

Direct Register Arithmetic in Programs 

When doing arithmetic operations that use the contents of registers, direct register 
arithmetic can often save program steps. 

For example, to multiply the contents of register 5 by the number 2 and store the 
result in register 5, the sequence 

@DI(DflB[s] 

uses seven program steps. 

The same operation can be shortened to four steps using the sequence 



Also, when these are loaded as program steps, only three instructions are loaded 
because ^3^3 is ,oacJ ed as one instruction. 

Sample Program: Evaluation of a Polynomial 

We have now covered all the basic techniques for programming the 326 Scientist. 
To become more familiar with the techniques discussed so far, we will write and 
execute a program that evaluates the polynomial function 

y = a 0 + a,x + a 2 x 2 

where a Q , a, and a 2 are constants and x is a variable. The flowchart for this program is 
shown in Figure 27. In the first segment of the program, before Label 1, values of 
the constants a, and a 2 are stored in registers 0,1 and 2, respectively. The second 
part of the program is the calculation of the value of the polynomial and a final jump 
back to Label 1 to allow a calculation of y for a new value of x. 
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Figure 27 



































To run this program with the constants 


and x values of 


Do This 

JUM? 






CHG 

SIGN 




CD 



See This 


a o = 4 
a,= 2 

a 2 =-5 


x = -3 

x = 7 


Comments 

Q Q0d0~~\ l ump to s,Gp 001 • 

0000 ~\ En,ervalueof a * 
Q00D~\ Enter value of a 

- 5 OOPQ— \ En,erva,ue ° f 3j ' 

-3.EI0 0 Enter value of *• 

-HI . 000 0~~\ Calculate y for x 


= 3 


-301.0000 ) Calculate y for X = 7. 


■ i _ JfijL CffTO tn rpturn to the beginning of the program 

You may, if you wish, execute a 0 O to return 10 8 & . , 

■ / _ a , nd a a nd then evaluate the new polynomial for d.t- 

to enter new values of a 0 , a 1 ana a 2 , a 

ferent values of x. 

YOU are encouraged ,o write Cher .ample program, to solve problem, in your 
.pedal field of interest until you feel totally comfortable with the programming tech- 

niques presented so far. 

The following section of this book describes how the programme capable 
of the 326 Scientist may be extended still further with the use of the Monroe 

Tape Cassette Drive. 
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Section 5 

Using The 392Tape Cassette Drive 




CB MONROE 392 




READ 
I s ROM 
TAPE 


WRITE 

tifi 


6J6CT .. ..,.,jtt eCBtt 


flewiwj readv 


POttWAflt) , STOP 






«***••»; 


3 


Why Use a Tape Cassette Drive? 


The Monroe 392 Tape Cassette Drive (see Figure 28) greatly increases the 
programming capability of your 326 Scientist. First, you may use the Tape Cassette 
Drive to enter prepared programs into your computer. Monroe provides a com¬ 
prehensive library of programs for a wide range of scientific, mathematical and 
engineering applications. This saves you the trouble of having to write your own 
programs to solve many types of problems. 

You may store programs that you have written, permanently or temporarily, on 
magnetic tape, and enter them into the computer's program memory whenever you 
need them. 

You may store data on tape, permanently or temporarily, and read it into the 
computer's data storage registers when required by your program. 

The read and write operations of the magnetic tape drive can be placed under 
program control. Therefore writing programs and data onto magnetic tape and read¬ 
ing programs and data from tape can be done automatically by a program. 

This ability to program tape drive operations greatly increases the effective size of 
the program memory and the data storage area. 

For example, a large program may be divided into a number of segments, where 
each of the program segments is required to perform a specific part of the computa¬ 
tion. The program segment currently in the computer's memory can include as its 
final instruction the command to read the next program segment from tape into 
memory. Thus a very large program could be executed in 160 program step seg¬ 
ments. This is known as a program overlay technique, because the new program 
segment brought into the computer’s memory overlays and replaces the program 
segment previously stored there. 

Similarly, large amounts of data can be brought into the computer's storage regis¬ 
ters from tape 12 data registers at a time. Input data could be brought into the com¬ 
puter from tape, computations could be done and the resulting data could be stored 
on tape. Then a new set of input data could be entered from tape and used for a new 

set of computations, and so forth. 
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Thus automatic program control of tape drive reading and writing operations per¬ 
mits you to write programs of considerably more sophistication than would be 
possible by programming only from the keyboard. 


W 


Si' .v «■ 

M}., 

Mr.:; 




|M'! 
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Connecting the Tape Drive 

The 392 Tape Drive has a permanent signal cable with a connector at the end 
(see Figure 29). To connect the Tape Drive to the 326 Scientist, simply plug the 
connector into the socket which is recessed on the right side of the 326. 

The cable is used to pass information to and from the Tape Drive. Power to run 
the Tape Drive is supplied through the 326 by means of this cable. The Tape Drive 
uses power only when the drive motor is running. The power consumption of the 
392 Tape Cassette Drive is minimal and has little effect on the discharge time of the 
326 Scientist's batteries. In the extreme case where the motor is kept running full 
time, the battery discharge time is reduced by approximately 15%. 



Figure 29 . 


1 'i £ 


A 





igure 30 


Tape Cassettes Used 

Two kinds of tape cassettes may be used with the 392 Tape Cassette Drive. They 
are: 

The Monroe Endless Tape Cassette 
The Monroe Tape Cassette 


Monroe Endless Tape Cassette 

The endless tape cassette is a continuous loop of tape and is easily recognized by 
its red label. It can hold a maximum of fourteen blocks of information. Each block 
can hold the full capacity of program memory or the contents of a maximum of 
twelve data registers. Because only one side of the endless tape is used, it must 
be inserted in the tape drive so that the labeled side always faces up. The unlabeled 
side has a note of warning stating that the other side is to be inserted. 


’’.y- • .• 

- I .* • • ■ • • • ■ 

■/.; .... 

* " f! “ 

•» .•.•*»*» . 

• ••V* I <*/•.!- ;• I- «• u. . • • . 


' •. f-:- y. • TvSw.'' 


DO NOT USE THIS SIDE 








Monroe Tape Cassette 

The Monroe Tape Cassette is a conventional cassette that records on both 
sides, easily recognized by the blue label on the cassette. The two usable sides are 
designated Side A and Side B. Each side of the tape can hold up to 12 files of infor¬ 
mation. Each file contains fourteen blocks and each block can hold the full capacity 
of program memory or the contents of a maximum of twelve data registers. 


Protection of Tape Against Accidental Erasure 

After information has been recorded, cassettes may be protected from accidental 
erasure by removing a Write Protect tab. Of course, this prevents you from writing 
new information on that tape and implies that you are storing a program or data 
permanently rather than temporarily. Endless (loop) cassettes have only one write 
protect tab (see Figure 31}. Conventional tape cassettes have two write protect 
tabs, one for each side of the cassette (see Figure 31). 

Additional cassettes are available through your Monroe representative desig¬ 
nated by the following part numbers: 

CD8490443 for Monroe endless tape 
CD8490435 for Monroe tape 


Write 

Protect 

Tab 


Write 

Protect 

Tab 
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Tape Controls 


The controls used to operate the 392 Tape Cassette Drive are shown in Figure 28. 
All tape controls except the Program/Registers switch are on the cassette drive. 

Control Function 

EIHCT Pressing this key lightly opens the cassette drive door to allow the 

insertion or removal of the cassette. Pressing more heavily.cause's 

the tape cassette to be ejected. 

RECORD Allows data or programs to be recorded onto the tape from the data 

registers or program memory of the 326. Whether programs or 
data are recorded on tape depends on the setting of the Program/ 
Registers switch. RECORD does not operate when the Write Protect 

tab is removed. 

REWIND This key causes two-sided tape (blue label) to move backwards at 

approximately 1 file every 2 seconds. The tape drive motor does 
not automatically turn off when the tape is fully rewound. This does 
not damage the tape cassette or the drive but will discharge the 
batteries after several hours. REWIND does not operate with the 
endless (red label) cassette. 

READY This key places the recording head against the tape. Ready must 

be pressed and latched to write onto tape or read from the tape. 
When writing onto tape, both READY and RECORD must be latched. 
When reading from the tape, only READY need be latched; RECORD 
may or may not be latched. However, protection against accidental 
writing is provided if RECORD is unlatched. 

FORWARD This key causes two-sided tape (blue label) to go forward at high 

speed. The tape motor does not automatically shut off when the 
tape is fully wound. This does not damage the tape cassette or the 
drive. FORWARD does not operate with endless (red label) tape. 
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STOP 


This key stops whatever tape motion is occurring and unlatches am 
other keys. 


This key causes programs or registers to be written onto the tape 
from the 326. WRITE ON TAPE is also used to load a program in¬ 
struction for automatic execution of WRITE ON TAPE. 

This key causes programs or registers to be read from the tape into 
the 326. Also used to load a program instruction for automatic 
execution of READ FROM TAPE. 

This switch is on the 326 Scientist. It selects whether the 326 is to 

• 

write a program from memory or data from data storage registers 

onto tape. The PROGRAM/REGISTERS.‘switch is only effective 
during the WRITE ON TAPE operation. When performing a READ 
FROM TAPE, the 392 automatically detects if the information read 
is a program or registers, and reads it into the 392 accordingly. 

Tape Movement Counter 

A digital counter that records tape movement is positioned at the upper left hand 

corner of the face of the 392 Tape Cassette Drive. This counter is extremely useful 

when you wish to move to a distant point on the tape since you may use the 

FORWARD key with the digital counter to move rapidly to the required part of the 

tape and then perform the remainder of the search at the normal Read/Write 
speed. 

Tape Blocks and Preconditioning Tape 

A block is a defined length of tape that can hold the full capacity of program 
memory or up to twelve data registers. All tape cassettes must be preconditioned 
prior to use on the 392. Preconditioning divides the tape into fourteen blocks. Each 
block is assigned a number in the sequence 01 through 14 . Preconditioning erases -) 
all previous information on the tape. If you are using prepared program tapes exclu- | 
sively and do not plan to write your own data or programs onto tape, you need nor J 


WRITE 

ON 

TAPE 


READ 

FROM 

TAPE 


PROGRAM/ 

REGISTERS 
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be concerned with preconditioning tapes. All prepared program tapes that are 
provided to you by Monroe have already been preconditioned. Thus you may 
omit reading the following procedures and go to the discussion of Block Search 

(next topic). 

The procedures for preconditioning tapes are as follows: 

Endless Tape (red label): 

1. Connect and turn on the 326-392 system. 

2. Insert the cassette to be preconditioned. 

3. Press and latch READY and RECORD on the 392. 

4 . Press [~0 ~] |m) on the 326 Scientist, then WRITE ON TAPE on the 392 Tape 
Drive. 

The system automatically searches for the splice on the endless tape. This search 
may last as long as two minutes. The display remains blank during the search. After 
finding the tape splice, the block label numbers are written on the tape in sequence. 
This takes approximately one minute. After each block label is written, the display 
shows the two digit label for that block. 

After block 14 is labeled the tape stops and the display shows: 

/ IH.POOD \ 

The Endless Tape cassette is now preconditioned and ready for use. 

Two-Sided Tape (blue label): 

1. Connect and turn on the 326-392 system. 

2. Insert the cassette into the 392 cassette drive with the side that you wish to 
precondition facing up (Side A or Side B). 

3. Press REWIND and fully rewind the tape. 

4. Latch READY and RECORD on the 392 Tape Drive. 

5. Press (T)(jS) on the 326, then WRITE ON TAPE on the 392. 

The tape moves forward for approximately 14 seconds before the first block is 
labeled. After each block is labeled, the block label number is displayed. After 
block 14 is labeled the tape stops and the display shows: 


/ 4 .DODO 






One segment or file of the tape has been preconditioned. Repeat the above proc¬ 
ess to precondition another file of the tape. The two-sided tape (blue label) can hold 
a maximum of 12 files on each side of the cassette. When the desired number of 
files have been preconditioned, rewind the cassette. 

It is possible to automatically precondition all 12 files on one side of the two- 
sided tape cassette using the following procedure: 

1. Connect and turn on the 326-392 system. 

2. Insert the cassette into the 392 cassette drive with the side that you wish to 
precondition facing up (Side A or Side B). 

3. Press REWIND to fully rewind the cassette. 

4. Load the following program into the program memory of the 326. 


Do This 



B um 

5TPP 

LO*0 


5ee This 

4 ii. 



Comments 

Start loading at step 001. 

Precondition tape (non¬ 
loop). 


D00 .DOG 



Increment register 0, 
leaving result in register 
0 and E-register. 

Pause to display number 
in E-register. 


Subtract number in regis¬ 
ter 0 from 12. 

Jump to Label T if num¬ 
ber in the Entry register 
equals 0. 

Jump to step 001. 

Label 1. 

Recall number in register 

Stop execution. 

Switch to Run mode. 
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5. Store zero in register 0. (Press 

6. Press and latch RECORD and READY. 

7. Press HI §§| • 

8. Press ggg. Preconditioning starts. After each segment of 14 blocks is precon¬ 
ditioned, the program pauses to display the segment number; 



The program stops after the last segment has been preconditioned with 12.000 in 
the display as shown. 

Block Search 


To write a program or data registers onto a specific tape block; or to read a pro¬ 
gram or data registers from a tape block, you may either search for a specific block 

to be used or simply use the next block. 

• To search for a specific block, enter the block number. 

• The entered block number must be an integer (1 through 14), to search for a 
specific block; or zero to search for the next succeeding block. 

Endless Tape (red label): 

• The tape moves forward and the system searches until the block is found. As 
each block is passed, its block number displays. Block 1 follows Block 14. 

• If the entered block number is zero, the tape moves forward to the next block. 

• If the entered block number is greater than 14, E.3 displays. 

Press 1 wm) or |cie*«| to recover from this error condition. 
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Two-Sided Tape (blue label): 

• Usually the cassette should be fully rewound before any Read or Write opera- 
tions are performed. 

• The tape moves forward to search for the entered block number (1 through 74 ). 
It may be necessary for the search to go to the next file of 74 blocks. 

• If the indicated block does not exist on whatever tape remains, the search goes 
to the end of the tape. The Write or Read does not occur. 

• If the entered block number is greater than 74, a tape error condition E —-3 
occurs. Press (iiiiii| or 


CLEAR 


for error recovery. 


R'- !•: 


Using Prepared Programs with the 326 

For your convenience, Monroe has an extensive library of prepared program 
packages. Each package is designed for a particular applications area and program¬ 
ming skills are not required to use the ptepated programs. Your Monroe repre¬ 
sentative can supply you with a complete listing of available program packages. 

A typical package has between to and 20 programs with detailed instructions and 
examples for using each program. The actual programs are stored on one or more 
tape cassettes, which are provided as a part of the package. 

To use the packaged programs, the 392 Tape Cassette Drive must be used with 

the 326 Scientist. The following is the general procedure for using a prepared 
program: 

1. Connect the 392 Tape Cassette Drive to the 326 Scientist. 

2. Insert the cassette containing the program to be used. 

3. Rewind the cassette by pressing and latching the REWIND key. 

Programs are stored on tape cassettes in files and blocks. There are always 74 
blocks in a file. The number of files on one side of a tape cassette depends 
on the applications package being used. Each block holds one program. 


AppendtT/ err0f C ° ndi,i0nS “ n ° CCUr tha ‘ are re ' a,ed ! ° ,he use of the 392 T ape Cassette Drive. (See 


4. Enter the block number (from the keyboard of the 326) of the program to be 
used (1 through 14). 

5. Press and latch the READY key on the 392 Tape Cassette Drive. 

6. Press READ FROM TAPE on the tape drive. 

The 326-392 system searches for the block indicated. The tape moves for¬ 
ward. As each block is passed, the block number is displayed as a two digit 

number: 01, 02, ..., etc. 

When the block search is complete the program is read from the tape into 
the memory of the 326. The block number in the display changes from a two 
digit number to an integer followed by a decimal point and four zeros; for 

example, 05 becomes 5.0000. 

7. Press START to begin program execution. 

Refer to the program package operating instructions for the complete description 

and procedures for using specific prepared programs. 

See the following sections for a more complete description and procedure for 

writing programs on tapes and reading programs from tape. 


Writing a Program onto a Block of Tape 

To write a program onto a block of tape, follow this general procedure. It is 
assumed the Tape Cassette Drive is connected and a preconditioned tape cassette 

has been inserted. M 

1. Place the PROGRAM/REGISTERS switch in the position. 

2. Press and latch the RECORD and READY keys. 

3. Enter the specific block number (or zero to write on the next block m the 
sequence of blocks). For example, to write a program onto Block 3, enter 3 

from the keyboard of the 326. 

4. Press WRITE ON TAPE. 

The system searches for the block indicated. If the block is found, the full capacity 
of program memory is written onto the block of tape. Program memory remains 

unchanged. 


744 
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Example: Writing a Program onto Tape 

Let US write a simple program on a block of tape. Suppose there is a program in 

6 rr mem ° rV ‘ ha ‘ COmPU ' eS lhe SqUare m0t 0f “ number X 

plus two. The instructions for this program are as follows: ' ' 

Memory Step Instruction Code __ 


001 


002 


Key 


033 


021 



Comments 

Stop to enter a number, X. 


003 


004 


005 


006 


007 


002 


020 


062 


350 


033 


Add 2 to the number X 
Calculate sum. 

Take square root. 


lump to step 001. 


To write the program on tape in block number 
Do This tlj. 


See This 


PAOqflAii 


W»57C«S 


(Press and latch READY and RECORD) 


0.00DO 


Comments 

Specify that program 
memory is to be written 
onto tape. 


(Press WRITE ON TAPE) 



BE 
~ 03 
J~B0DD 


Block numbers appear 
briefly as tape moves for¬ 
ward. Tape stops after 
having written the pro¬ 
gram onto block 3 . 
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Reading a Program from the Tape 
into Program Memory 


To read a previously recorded program from a block of tape into the program 
memory, follow this general procedure. It is assumed that the Tape Cassette Drive 
is connected and a preconditioned cassette has been inserted. 

1. The PROGRAM/RECISTERS switch can be in either position because the kind 
of information (program or register data) is recorded on the tape during the 
writing operation. 

2. Press and latch the READY key. 

3. Enter the block number to be read or zero to indicate the next block. For 
example, to read the program from block 3 of the tape into program memory, 
enter 3 from the keyboard of the 326. 

4. Press READ FROM TAPE. 

The system makes a block search. When the block is found, the program informa-, 
tion on the full block of tape is read into the 326. Program memory is completely 
filled. The information on the block of tape is unchanged. 


Example: Reading a Program from Tape 

In this example we will read the program previously stored onto block 3 of the 

tape back into the program memory. First, turn the 326 Scientist off using the ON/ 

OFF switch located behind the right side of the computer. This causes all information 

in the computer's program memory to be lost. Turn the computer on again. Program 

memory is now blank. (Turning the 326 off and on is not necessary, of course. It 

merely serves to make this example more dramatic.) 

To read the program from Block 3 on the tape into program memory. 

Do This See This Comments 

(Press and latch READY) f £/ . BBDB \ 

Enter tape block number 
where desired program 
is stored. 



(Press READ FROM 
TAPE) 



A search is made for tape 
block 03. 


The tape cassette stops 
after block 03 has been 
located. The desired pro¬ 
gram is now in memory. 
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To run the program that calculates Vx + 2, which has been read into program 
memory. 


Do This 



See This 


Comments 



lump lo step 001 in 
memory. 

Start execution of pro¬ 
gram. Program is stopped 

tor entry of X. 



Enter X = 5. 
C alcula te value of 

vr +2 - v}. 

Enter X =14. 


Calculate value of 
VI4+2 = VT6. 


Writing Data Registers onto Tape 

To write from data storage registers onto a tape block, the procedure is as follows. 

(It is assumed that the Tape Cassette Drive is connected and a preconditioned cas- 
sette has been inserted.) 

1. Place the PROGRAM/RECISTERS switch in the T position 

ntasfCAS r 

2. Press and latch the RECORD and READY keys. 

3. Enter the block number to be used or zero to indicate the next block (for 
example, press [~4~| for Block 4). 

4. Press WRITE ON TAPE. 

5. Press a numeral or symbol key n (where n is QTJ-(T). Q], orf^l) to 
indicate that the contents of registers 0 through n are to be written onto the 
block (e.g., press QFJ to write registers 0 through 6 onto the specified tape 
block). The system makes a block search. If the block is found, the contents of 
registers 0 through n are written onto the tape block. Pressing fT~| will cause 
the contents of registers [5] - (T)and Q] to be written on tape. Pressing 

W|M cause the contents of all twelve data storage registers to be written 
on tape. 

The contents of the data registers remain unchanged. 


Example: Writing from Data Registers onto Tape 

Suppose we wish to write the contents of data storage registers 0-3 onto tape 
Block 1. Assume that the data registers contain the following numbers: 


Register 0 

5.0000 

Register 1 

10.0000 

Register 2 

20.0000 

Register 3 

35.0000 


Rewind the tape and proceed as follows: 

Do This See This Comments 

Specify that data from 
storage registers will be 
written onto tape, 

(Press and latch READY and RECORD) 

Specify tape Block 1. 




(Press WRITE ON TAPE) 

CE 



Indicate that data regis¬ 
ters 0-3 are to be written 
on tape Block 1. 

Writing begins. 

The data has been writ¬ 
ten on tape block 1. 


Reading from Tape into the Registers 

of the 326 

To read the previously recorded contents of data registers from a block of tape 
into the data storage registers of the 326, follow this general procedure. It is assumed 
that the Tape Cassette Drive is connected and a preconditioned cassette has been 

inserted. 

1. The PROCRAM/REGISTERS switch can be in either position because the kind 
of information (program or register data) is recorded on the tape block during 

the writing operation. 

2. Press and latch the READY key. 
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'■ Enter the block number to be read nr 7^ » • a- , 

- read or zero to indicate the next block (for 

example, press 4 ) to read from Block 4}. 

4. Press READ FROM TAPE. 

The system makes a block search. When the block is found, the same number of 

reaTr k ,T " ^ ^ b '° Ck W "* <*«»*" wfl, be 

read back mfo the computer's data registers. The information on the block of tape 

15 “ a " 8ed THe ***” "« filled ^ *« r TAD FROM TAPE are unchanged. 

Example: Reading from a Tape Block into Data Registers 

dati°::: “ n s r in ,ape Biock min ** ~ ** .«* 

pH; 35 ,0l,0WS ' ^ beginning this 

Do This See This r 

Comments 


(Press and latch READY) 


(Press READ FROM TAPE) 


/ . 00 QQ \ Specify tape Block 1 . 


01 _ 

TToooo 


0 .noon 
laTnoocF 
~oW7ooM 

35.0000 


The information that was 
previously written onto 
tape block t from data 
registers 0-3 has now 
been read back into data 

registers 0-.3 of the Alpha 

J ^ J • 


Recall the numbers 
stored in registers 0-3. 
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Programmed Tape Control 


The READ FROM TAPE and WRITE ON TAPE operations can be loaded as pro¬ 
gram steps. This enables you to program the 392 Tape Cassette Drive for automatic 
operation. This feature greatly expands the capability of the 326-392 system. 

For example, a program may be too large to fit into program memory. With pro¬ 
grammed tape control, it can be divided into two or more sections or overlays. The 
326 can use one section and then at the appropriate time automatically read the 
next section into program memory. 

When a program block is entered from the tape under program control, execution 
automatically continues from step 001 after the program Read is complete. It is not 
necessary to press START. 

A variation of the overlay technique uses the logical decision capability of the 
326 to choose which particular program segment is to be used next. 


FLOWCHART FOR A 1 BLOCK PROGRAM OVERLAY 




Figure 32 


5 









$5 

»Vtt. 


Ay 


Registers are not altered as new sections of a program are read from the tape. 
Registers can be used to store the results needed to execute the next section of the 
program. 

Programs requiring more than twelve 02) data registers can automatically store 
or recall up to twelve (12) registers from a block of tape. 

The flowchart in Figure 32 shows the general form of a program that uses a one- 
block overlay. The flowchart in Figure 33 shows the general form of a program that 
selects one of two possible overlay blocks, depending on the result of calculations 
performed. 

Figure 34 shows the general flowchart of a program that requires more than 12 
data storage registers. Part A shows a repeated writing of the contents of data regis¬ 
ters onto different blocks of tape. Part B of the figure shows a successive reading of 
different sets of data values into the computer's data registers from different tape 
blocks as needed. 



Flowchart for a program that requires more than 12 registers 


A Writing 0" tape 



B Reading from tape 

















Programmed Tape Control Instructions 


Instruction codes that control Tape Cassette Drive writing and reading are loaded 
into program memory by pressing WRITE ON TAPE and READ FROM TAPE when 
the RUN/STEP/LOAD switch is set to 

r k o.c • 


There are three different tape control instructions: 


PROCRAM/RECISTERS 
Switch Setting 

(Switch position 
has no effect) 

PROGRAM 

B 

MSilTiRS 


Key 

READ FROM TAPE 


Instruction 

Code 

047 ' 


WRITE ON TAPE (writes a program on tape) 040 


T 


WRITE ON TAPE (writes data 

registers on tape) 


340 


PROGRAM 


REGISTERS 


The 340 instruction must be followed by a 
register number 

©•(TJ.Q.org). 


This tells what registers are to be written 
on tape. 


000 


013 


Example: Programmed Tape Control for Overlays 

This example demonstrates techniques for writing a program that uses overlays. 

The program shown consists of 3 segments; the main program segment and two 

overlay segments. Each segment is programmed and written on a block of an End¬ 
less Tape Cassette. 

The main program (segment 1) tests a keyboard entry. If the entry is greater than 
or equal to zero, segment 2 is read from the tape and executed. If the entry is less 
than zero, segment 3 is read from the tape and executed. 
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Figure 35 
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The execution of segment 2 (when the entry > 0} causes the number tt(= 3.1415) 
to be displayed and then reads segment 1 back into program memory from the End¬ 
less Tape. 

The execution of segment 3 (when the entry < 0) causes the number e(=2.7182) 
to be displayed and then reads segment 1 back into memory. 

Each segment is programmed and written on a block of endless tape. 

• Segment 1 is written on Block 1 

• Segment 2 is written on Block 2 

• Segment 3 is written on Block 3 


To load segment 1 into program memory 


Do This 




3 


READ 

FROM 

TAPE 



CLEAR 


2 


READ 

FROM 

TAPE 

B «J» 
step 
LOAQ 


See This 


Comments 


rz 

.001 

\ Segment 1 starts at pro- 
j gram memory location 

001. 

[ ITT 

.003 

\ Identifier 1. 

(033 

.003 

^ Stop for entry. 

1355 

.005 

"T Jump to label 1 if the 
_) entry is > 0. 

jo 01 

.005 

\ 

l 031 

. 001 

\ This CLEAR separates the 

J numLir nmwirMirlx in (Un 

^icvi^uaiy m titc 

E-register from the 3. 

loo o 

.000 

—-Read Block 3 from the 

lOHI 

.003 

tape (if the entry is < 0). 


1301 .010 

\ Label 1. 

1031 .011 

"\ This CLEAR separates the 

J nrimKar nrowinirclw in tha 

E-register from the 2. 

looo .010 

—- \ Read Block 2 from tape 

lOHI .013 

^ (if the entry is > 0). 


I 0.0000 \ 


The number in the Entry 
register prior to LOAD is 
displayed. 


To write segment 1 onto block 1 


Do Th/s 

See This 

Comments 

PHOCHAM 

H 


Specify writing from pro¬ 
gram memory onto tape. 

RC05TE»9 . 



(Press and latch RECORD and READY) 

• 

Ml 

WRITE 

ON 

TAPE 

1 

1 . 000D \ Block '• 


Write contents of pro¬ 
gram memory onto tape 
Block 1. 


1 

ol M 


[ _ 

-;-- nn n \ Then system searches tor 

1 . 00U U ) Block 1 and writes the 
—~ full ranar.itv of oroeram 


memory onto tape. 


To load segment 2 into program memory 
Do This See This 


Comments 



m 

READ 

FROM 

TAPE 

Ml* 

IflAD 


Jump to step 001. 


/ 

.001 

^ Start loading at step 001- 

(ID 1 

.000 

) Display tt. 

1033 

.003 

\ 

1001 

.003 

\ Read Block 1 from the 

lOHI 

.005 

tape. 


( 

1 

nnnn \ 1 ntimuei m u«= i-imy 

. U u U U ) register prior to LOAD is 
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To write segment 2 onto block 2 


Do This 


See This 


PfiQGfUU 


WQISTFAS 


(Press and latch RECORD and READY) 


WRITE 

ON 

TAPE 


03 

T. oooo 


Comments 

Specify writing from pro¬ 
gram memory onto tape. 


3.0000 \ Block 2. 


Write contents of pro¬ 
gram memory onto tape 
Block 2. 


To load segment 3 into program memory 


Do This 



READ 

FROM 

TAPE 


See This 


TUT 

033 

WT 


.001 

Tool 

To 03 

.003 


031 .005 


3.0000 


Comments 


Jump to step 001. 

Start loading at step 001 
Display e 


Read Block 1 from the 
tape. 


The number in the Entry 
register prior to LOAD is 
displayed. 


To write segment 3 onto block 3 


Do This 


PBOQPAM 


BSOiSTEAS 


See This 


(Press and latch RECORD and READY) 


WRITE 

ON 

TAPE 


3,0000 

03 

3.0000 


Comments 

Specify writing from pro¬ 
gram memory onto tape. 


Block 3. 

Write contents of pro¬ 
gram memory onto tape 
Block 3. 



To run the program with values of 5 and -4 entered from the keyboard. 


Do This See This 

(Press and latch RECORD and READY) 


READ 

FROM 

TAPE 








Comments 


/ . 0000 Specify block 1 on tape. 


03 



I . 0000 


5.0000 


03 

3.1315 


03 


11 

oT 


-3.0000 


03 

03 

3.11 BO 


Read Block 1 from tape 
into program memory. 




Start execution. 

Identifier 1 displays. 

Enter 5 as the number 
to be tested. 

Start execution. 

Since the number en¬ 
tered is greater than zero, 
block 2 is automatically 
read into program mem¬ 
ory causing the value of 
n to be displayed. 


Tape Block 1 is read into 
program memory again. 



Identifier displays. 

Enter -4 as the number 
to be tested. 


Since the number en¬ 
tered is less than zero, 
tape Block 3 is read into 
program memory caus¬ 
ing the value of e to be 
displayed. 


Note that when these program segments are read into program memory under pro¬ 
gram control, execution begins automatically. 
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Example: Programmed Tape Control for Writing from 
Data Registers onto Tape 

The following example shows how data registers are automatically stored onto , 

tape. It also provides an opportunity to use many of the programming techniques 
already described in this book. 

Suppose that you want to solve the same equation or problem many times and 
then store the solutions so that they can be studied at your convenience. It is pos¬ 
sible to write a program that automatically changes the value of the variable, solves 
the equation and stores the result into a data register. After a certain number of 
registers have been used, the program automatically writes the contents of the data 
registers onto a block of tape and continues the program, solving the equation for 
other values of the variable and storing additional results onto a .tape block. 

Applications in which such storage of data registers may be used include the fol¬ 
lowing: 

• Programs that have long execution times and many final results. This can 

include the solution of problems by numerical integration or iterative tech- 
niques. 

• Programs that require the manipulation of large amounts of data, such as the 
solution of statistical problems. 

For example, let us solve the equation for the area of a circle, A = ttP, for values of 

the radius, r, over the range 1 ^ r ^ 9 where r is increased by 0.5 each time a new 
A is to be calculated. 

Store the calculated values of A in registers 0 through 9. When 10 registers have 
been used, write from the registers onto a block of tape. Then clear the data storage 
registers and continue executing the program. When the final calculation for A has 
been made, store all ten registers onto another block of tape and stop. 

The program flow on the next page shows a convenient way of solving the prob¬ 
lem. The main program stores the calculations for A into the correct registers and 
writes 10 registers onto a block of tape as soon as they are filled. A subroutine calcu¬ 
lates A, increments the value of r, and tests to see when the last calculation has 
been made. 


Start 



Branch to 
Label 1 to 
calculate A 


Store A into 
register 0 


© 


Branch to 
Label 1 to 
calculate A 


Store A into 
register 1 


The calculation 
of A is done as a 
subroutine. The 
storing of A into 
the correct registers 
is done in the main 
program 


© 


Store A into 
register 9 


Write registers 0-9 
onto the next block 
of tape 


Program Flow 


Yes 






Calculations are 
complete. Write 
registers 0-9 onto 
the next block of 
tape 




c 


Stop 





These steps store 
r temporarily in 
the Num/Op 
register, clear all 
the registers, and 
then restore r to 
register [T] 


Figure 36 



Recall r from 
register [TJ 



Calculate 
A - ITT* 


Store A into 
register Q~) 


Increment r by 
0.5 


Recall A from 
register (g) 


Return 


© 
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Comments 


To load the main program 


Do This 


See This 



S WRITE 
m ON 
TAPE 



Start loading at step 001. 

Branch lo subroutine 
labeled 1. 

Store calculated value of 
A in register 0. 

Branch to subroutine. 
Store A in register T. 
Branch to subroutine. 
Store A in register 2. 
Branch to subroutine. 
Store A in register 3. 
Branch to subroutine. 
Store A in register 4. 
Branch to subroutine. 
Store A in register 5. 
Branch to subroutine. 
Store A in register 6. 
Branch to subroutine. 
Store A in register 7. 



Branch to subroutine. 
Store A in register 8. 
Branch to subroutine. 


Store A in register 9. 

Clear Entry places a zero 
in the E-register. 


Write registers 0-9 onto 
the next block of tape. 
(The Clear is used to 

H nate the next tape 
instead of zero. If 
zero were used, a zero 
digit would be added to 
the value of A in the dis- 


Com meats 


K 


See This 



This places the current 
value for r into the Num¬ 
ber/Operator register so 
that it won't be affetted 
by the following Clear 
All Registers instruction. 

This clears all the data 
registers. This is done so 
that when data registers 
are later read from the 
tape, you will know 
which register was the 
last one used. 


The last A value in a 
register will be followed 
by a register containing 


a zero. 



This brings r back to the 
Entry register from the 
Num/Op register. R ts 
then stored again in 

register f~*~) 

lump to step 001 to con¬ 
tinue calculations. 
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To load the subroutine 


Do This 


LABEL 


/“* RETURN 


See This 

ISO I .055 
ID IE .D51 

loll .05 3 
j[) Inns .dee 

m 11 EE .DBS 



'-f-' LABEL L 

El 

proor.m WRITE 
■ ON 

reI^-s tape 


Tbd 

TH 

"nos 

UjL 

Til 

Wo 

Job 

Wo 

Wo 


. 050 

To ID 

Tbib 

. B1H 
To 15 
.011 
.010 
To 13 
To BO 


oil .OBI 
033 .DOB 


0.0000 


Comments 


Label 1 (subroutine). 
Recall r from register 

CD 

Subtract 9 from r. 

lump to label 2 if r is 
greater than 9 (last A has 
been calculated). 
Program continues in 
sequence if r ^ 9. Cal¬ 
culate r 2 . 

Calculate A = ?rr 2 . 

Store A into register [gg] . 

Increment r (in register 
n~]) fay 0.5. 

Recall A. 

Return to the main pro¬ 
gram. 

Label 2. 


Write registers 0-9 on the 
next block of tape. 


Stop executing. The last 
calculation of A has been 
made. 

Switch to Run mode in 
preparation for running 
program. 


To run the program 

Assume that the system is connected and a preconditioned tape is inserted. End¬ 
less or two-sided tape may be used. If endless tape is used, the number of calcula¬ 
tions that can be recorded is limited to 12 X {the number of registers used in each 
block). In this case 10 registers are written onto each block of tape. 



Comments 


Do This 


See This 


(Press and latch RECORD and READY) 


PROGRAM 


i Ujn» » - . / ' > 

BDDS 

gisTem 


GD 


WRITE 

ON 

TAPE 


CLEAR 



UBILjJ 


ih .0000 


o.0000 


I.0000 



B .0000 


This positions the tape so 
that the data registers will 
be written on Block 1 
first. Later when data is 
read from the tape you 
will start reading from 
Block 1. To move the 
tape to block 14 we have 
specified writing register 
0 onto block T4. 

Clear all registers. 


Store the initial r value 
into register ( • ) (R = 
1 . 0000 ). 


Start the program. 

The program executes 
until 2.0000 displays. 
(Registers are stored on 
block 02 last.) 


To see the results of the calculations 


> This 

D read 
FROM 
TAPE 


See This 


QD 


nn 


I.0000 

WTiHis 

1.DEB5 
I B.5503 

TbWWT 

BB.B1H3 

TfETOBOS 

W.BESH 
S3. BUB 
IB.533B 

H5.033T 


Comments 

The system searches for 
block 1 and then reads 
the data into the registers 
of the 326. 

Data registers on Block 1 
have been read into the 
data registers of the 326. 

Values of A for 
r = 1 

r = 1.5 
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Do This 


See This 


Comments 



READ 

FROM 

TAPE 




The contents of the data 
registers that were writ¬ 
ten on Block 2 are read 
into the data registers of 
the 326. 


I13.0313 
133.1333 
I53.93B0 
~I15~11 35 
30 I .0513 
33573 BOD 
' 353.3590 
0.0D00 


Values of A for 
r = 6 

r = 6.5 
r = 7 
r = 7.5 
r = 8 
r = 8.5 
r = 9 

Last A calculation is in 
register 6. 


The procedure for displaying the results of the program can also be made into 
a program that is completely automatic. You might try this as an exercise. 

Hints: 

1. Start reading from block 1 and then use the "read from next block" instruction 
sequence. 

2. Recall successive registers. 


3. A display of r can precede the display of the A calculation. Use the Pause 
instruction ([MiIf exp ]) for displays. 


4. Increment and test the value of r. Stop the program when r > 9, or you can test 


for the first register that contains zero. 
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Appendixes 






Appendix A: Accuracy and Number Sizes 


All numbers used in the 326 Scientist have t3 significant digits and a two digit 

exponent. This allows the range of numbers to go from 10~ 98 to 9 999999999999 x 
10 ". 

Add and subtract are accurate to the full 13 digits. Multiply and divide are rounded 
m the 13th digit to gain greater acduracy (e.g„ 2 + 3 = 0.6666666666667). The 
functions a", to Rectangular, to Polar, Sin, Sin' 1 , Cos, Cos' 1 , Tan, Tan->, Ln, e>, log, 
10 * are almost alwa y s a ™ rata to one part in the 12th digit and never less than one 

part in the 11 th digit. 

Square root is accurate to 2 parts in the 13th digit. Radians to Degrees and Degrees 
to Radians are both accurate to 2 parts in the 13th digit. 

1 /x is simply a divide and has the same accuracy as divide. 

The. accuracy of the Scientist most probably exceeds the accuracy you need in 
most cases but it is there when you require it. 
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Appendix B: Batteries and Recharging 


The 326 Scientist may operate from the AC voltage adapter supplied with the 326 
or from the batteries when operation from the AC line is inconvenient. 

The batteries supplied with the 326 may be discharged and recharged approxi¬ 
mately 1000 times during their useful life. When fully discharged, the batteries may 
be recharged in 16 to 20 hours by connecting the computer to the AC adapter and 
the adapter to the AC line. Battery recharging occurs regardless of the position of 
the ON/OFF switch and does not interfere with calculations. 

The AC adapter supplies 300 to 350 milliamperes of charging current to the bat¬ 
teries. For this reason only Monroe part number CD3400017 or similar nickel- 
cadmium batteries rated for at least three ampere-hours should be used in the 326. 
If you do need to use other types in an emergency,-DO NOT connect the AC adapter. 

Attempting to recharge a rechargeable battery rated at less than 3 ampere-hours or 

« 

a dry cell may burst the batteries and damage the computer. Such damage is NOT 
covered by warranty or equipment service agreement. 



To replace the batteries, turn the 326 over, squeeze together the two round plung¬ 
ers at the top of the case, and pull the door open. Remove the batteries and replace 
with fresh ones, observing the polarity shown in the illustration. 


All nickel-cadmium batteries exhibit an apparent reduction of capacity after a 
number of cycles of partial discharging and recharging. You may easily correct this 
by running the computer on batteries until the display goes completely blank, and 
then recharging the batteries for 16 to 20 hours. Care must be taken not to continue 
the discharge period beyond the point when the displays goes blank. You may use 
the computer during the recharge period. 

The 326 concentrates many thousands of logic circuits into a small volume, so 
the metal label on the bottom may feel noticeably warm to the touch. This tempera¬ 
ture is normal and should cause no alarm provided it does not exceed 49°C (12Q°F). 
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Appendix C: Summary of 326 and 392 

Keys and Switches 




§ 


r 


s- 


* 


326 Scientist Keys and Switches 


Key (or Switch Setting) 

ON 

OFF 


CLEAR 


RESET 


CMG 

SIGN 



EXP 








m 



D/M/S 




/ A—oec 


D 

1 

2 

3 

4 

5 

6 

7 

8 

9 




Description 

Turns (he 326 Scientist on 

Turns (he 326 Scientist off 

Clear the Entry register 

Reset the Number/Operator register 
and clear the Entry register 

Numeral entry 


Decimal point 

Change sign 

Exponent 

Add 

Subtract 

Multiply 

Divide 

Equals 

Parentheses 

Store into a data storage register 
Recall from a data storage register 
Function key * 

Degrees, minutes, seconds 


Convert from a D/M/5 angle to an angle 
in degrees with decimal fraction or from 
degrees with decimal fraction to D/M/S 


Reference 
Page Number 

9 

9 

TO 

17 


9 
10 
12 
18 
19 

19 

20 
17 
22 

36 

37 
■51 

30 

57 


■r 


Square root 


52 


Key (or Switch Setting) Description 


Reference 
Page Number 



GAAO 

B 

DEC 










MET*IC-» 


Square 

Reciprocal 

Factorial 

Grads 

Degrees 

Sine 

Arc sine 

Cosine 

Arc cosine 

Tangent 

Arc tangent 

Polar to rectangular conversion 

Rectangular to polar conversion 

Logarithm to the base e 

Antilogarithm to the base e 
(exponential function) 

Logarithm to the base 10 

Anti logarithm to the base 10 

Statistical summation; add 1, X and X 2 
into registers 1 , 2 and 3, respectively 

Delete from statistical summation; 
subtract 1, X and X 2 from registers 1, 2 
and 3, respectively 

English to Metric Conversions 

Metric to English Conversions 


52 

51 

# 

51 

56 

56 

58 

58 

59 
59 

59 

60 
61 


62 

53 

53 

52 

53 
63 

65 

68 

68 





Key or Switch Setting Description 


Reference 
Page Number 



S_ REMOVE 
FWO 



B rum 
stem 

iOAO 

B MW 
8TtP 
LOW 


Clear registers 1, 2, 3 

63 

e 

70 

Absolute value 

70 

Mean 

66 

* 

Standard deviation 

67 

Fraction 

71 

Integer 

71 

7r 

71 

Round 

72 

Identifier 

' 72 

Clear all registers 

73 

Pause 

72 

Jump to Label 

87 

Branch to a subroutine 

105 

Insert a program instruction code 

100 

Remove a program instruction code 

100 

Go forward to the next program step 

100 

Go back to the previous program step 

100 

Names a particular program step 

93 

Return to the main program from a 
subroutine 

106 

Start or Stop program execution 

86 

Make keyboard calculations or execute 
program 

85, 87 

Execute a program one step at a time 

85, 123 


Key for Switch Setting) Description 


B *u* 

SUM 

LOU) 

P ROGRA M 

S 

RIGISTCKS 

MWOJAM 

s 

ntasiEie 


SET 

D.R 


Load program instructions into memory 

A program from the computer's memory 
is to be written onto a tape block 

Data from the data storage registers is to 
be written onto a tape block 

Raise a to the power x 
Set decimal point 


Reference 
Page Number 

85, 87 
140 

140 


24,28 


392 Tape Cassette Drive Controls 


Key or Switch Setting Description 


Reference 
Page Number 


EJECT 


RECORD 


t REWIND 


READY 


FORWARD 


STOP 

WRITE 

ON 

TAPE 

READ 

FROM 

TAPE 


WRITE 

ON 

TAPE 


Opens the door of the Tape Cassette 
Drive and ejects the cassette 

Record (i.e., Write) programs or data on 
tape 

Rewind a non-loop tape 

Place the Read/Write head against 
the tape 

Move non-loop tape rapidly forward 
(fast forward) 

Stops all tape operations 

Write a program or data onto tape 


Read a program or data from tape 


Precondition an unblocked tape cassette 


139 


139 


139 


139 


139 


140 


140 


140 


141 
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Appendix D: 

Instruction Codes for the 326 Scientist 




i 
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Appendix E: 326 Scientist Error Conditions 


Operations which cause ERROR are: 

• Divide by zero. 

• 1/X of zero. 

• of a negative number. 

• Log or Ln of zero or negative number. 

• Arc sine or arc cosine of a number greater than 1 or less than -1. 

• Calculating 0“ x with the a* key. 

• Calculating 0° with the a* key. 

• Factorial of numbers less than zero. 

• Factorial of numbers greater than 69. 

• Factorial of non-integer. 

• Attempting to generate a number outside the range of the computer 
(10“ 98 to 9.999999999999 x 10"). 

• Exceeding the parentheses level limit. 

• Close without corresponding open when using parentheses. 

• Mean with n = 0. 

• Standard deviation with n =s 1. 

Press [ww| or to restore operation after 326 error conditions. 
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Appendix F: 

392 Tape Cassette Drive Error Conditions 

Display Error 

READY not latched at the time of the 
execution of READ FROM TAPE, or 
WRITE ON TAPE. 

RECORD not latched at the time of man¬ 
ual or programmed execution of WRITE 
ON TAPE. 

Invalid preconditioning sequence. No 
entry or an entry other than 0 or 1 before 

the sequence (■!] WRITE ON TAPE. 

or: Block requested not 0 or outside the 
range 1-14. 

An attempted read of a block that has 
neither program nor data registers written 
on it. 

The information cannot be read. Either 
the tape contains a flaw or the stored pro¬ 
gram or data has been altered. 

Press (««t) or (cl™) to restore operation after 392 Tape Cassette Drive error condi¬ 
tions. 


Cs 




176 


Appendix G: 

Parentheses and the Number/Operator Register 

In addition to the Number/Operator register (Num/Op register) there are four 
other internal registers. These registers are used when working with the parentheses 
keys. For convenience, these registers are referred to as Paren 1, Paren 2, Paren 3 

and Paren 4. 

The contents of the Num/Op register can only be changed by pressing an arith¬ 
metic operator key (QQOB^EB 1 The designated operator and the 
current contents of the E-register are placed in the Num/Op register for use in 

calculation. 

The parenthesis registers operate in conjunction with the Num/Op register, but 
are only affected when parentheses are used; and then only according to a fixed 

hierarchy. 

The first time a left parenthesis is used, the contents of the Num/Op register is 
duplicated in Paren 1. Paren 1 does not change again until either another left paren¬ 
thesis or a right parenthesis is used. A second left parenthesis duplicates the con¬ 
tents of Paren 1 into Paren 2 and duplicates the contents of Num/Op in Paren 1. 
A similar duplication into Paren 3 and Paren 4 takes place when a 3rd and 4th left 

parenthesis is used. 

When right parentheses are used the order of duplication is reversed. A right 
parenthesis duplicates the contents of Paren 1 in Num/Op; Paren 2 is duplicated in 
Paren 1; Paren 3 is duplicated in Paren 2 and Paren 4 is duplicated in Paren 3. 


Arithmetic operations that change the contents of the Num/Op register have no 
effect on the Paren registers. Pressing (««') clears the Num/Op and the Paren 


registers. 
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Appendix H: Auto Test Routine 


The 326 has a built-in self testing routine. This routine tests the operation of the 
display, the 40,000 bits of Read Only Memory and the 4,000 bits of Random Access 
Memory. If you think the 326 is not operating correctly, use the self test routine. If 
the self test does not operate as described, the 326 may not operate correctly. 

To use the self test routine, press [ 7 ] jj (—) [ The auto test procedure 
destroys any programs or register data that are in the 326. The self test routine 
causes the display to go through a sequence of changes as described below. 

Display Test 


See This Explanation 

This tests all the numeral segments of 
the display (16 "8's"). 

This tests the 16 decimal points in the 
display. 

This tests the 13 commas in the display. 
The last three positions are points only. 


The self test continues to the ROM chips test. 

ROM Chips Test 

The self test continues with the ROM chips test showing the check sum for each 
of the six ROMs. The check sums will always be the same. Record them in the blank 



displays for future reference. 
See This 



Explanation 

Check sum for ROM chip 1 
Check sum for ROM chip 2 
Check sum for ROM chip 3 
Check sum for ROM chip 4 
Check sum for ROM chip 5 
Check sum for ROM chip 6 


The self test continues to the RAM chips test. 


180 


Explanation 

Check sum for RAM chip 1 
Check sum for RAM chip 2 
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Appendix !: Environmental Conditions 


Temperature and Relative Humidity 

The ranges of ambient temperature and relative humidity which the 326 can 
accept without possible malfunction are as follows: 

Operating Minimum Maximum 


Temperature 
Relative Humidity 
Storage 
Temperature 
Relative Humidity 


Minimum 
~6.7°C (20°F) 


Minimum 
-40°C (—40°F) 


Maximum 
40.6°C (105°F) 
95% 

Maximum 
50°C (140°F) 
95% 


Voltage 

When using the 326 Scientist with the AC adapter, be sure that the switch on 
the adapter is at the proper setting (115 Volts or 230 Volts) for your area. 
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Appendix J: Peripheral Devices 


V. 

I • 


The use of a Model 395 Interface allows the 326 Scientist to be connected to a 
Model 33 Teletype or any other deyice compatible with the Electronic Industry 

Association's RS 232 specfications. 

For further information about the interface or compatible peripheral devices, 
contact your Monroe representative. 
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Appendix l<: 

Notes on the Tape Cassette Drive 


The following points should be noted with respect to tape cassettes and the 392 
Tape Cassette Drive: 

1. If tape cassettes from other suppliers than Monroe are used with the 392 
Tape Cassette Drive, the tape must be computer grade tape that is free of flaws. 

2. It is important not to subject the tape Cassette Drive to external shocks while 
it is reading or writing tape. Sudden movements or shocks may result in a 
failure to read or write some portion of the tape correctly, which can cause 
an error condition. 

3. The Tape Cassette Drive's recording head must be kept clean to assure that 
information is correctly written onto and read from tape. After approximately 
150 tape reading or writing operations, or if there seems to be difficulty in 
reading or writing tape correctly, clean the recording head using the following 
procedure: 

(a) Open the door of the Tape Cassette Drive and remove the tape cassette. 

(b) Rub the recording head gently using a cotton swab moistened with dena¬ 
tured alcohol. 

(c) Dry the recording head with a clean dry cotton swab. 

v 
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Index 




A 


Absolute value. 

Accuracy and Number Sizes. 

Addition. 

Angles. 

Arithmetic with. 

Converting. 

Degrees/Minutes/Seconds. 

Degrees with Decimal Fraction 

Entry of. 

Grads. 

Radians . 

Antilogarithm. 

Base 10 . 

Base e. 

Arc cosine. 

Arc sine. 

Arc tangent. 

Arithmetic... 

Chain. 

Constant. 

Direct Register. 

Arithmetic (Continued). 

Operations... 

Auto Test Routine. 

a* function. 

WCK 

Backspace B . 

Batteries and Recharging. 

Branch. 


.70, 

.168 

.18, 27 

.30 

.33 

. 34, 56, 57 

.30, 33 

. 30, 34, 57 

. 30, 34, 57 

.30 

. 30, 32, 56, 57 

30,33,34,56,57 

.53 

.53 

.53 

.59 

.5,8 

.60 

.. 15 , 18 

.20 

. 26, 27, 28 

....39,40, 42, 44 
15, 18, 19, 20, 24 

.180 

.24, 28 

.100 

.169 

.106 
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c 


Change Sign. 

Clear. 

Clear Registers 1, 2, and 3. 

Clear All Registers. 

Conditional Tests on Number Other than Zero... 

Cosine... 

D 

Data Storage Registers. 

Decimal Point Setting. 

Decisions and Conditional Testing. 

Digit Keys. 

Direct Register Arithmetic. 

Display Format in Programming. 

Division. 

D/M/S. 

E 

e (Base of natural logarithms). 

English/Metric Conversion. 

Entering Numbers, Rules. 

Entry-Register (E-Register). 

Equal Sign. 

Error Conditions. 

Exchange. 

Exponent. 

F 

Function Keys, Summary of. 

Factorial. 

Flowcharts. 

Forward . . 

Fraction... 

Functions, Applications of... 

187 


.10 

10, 17 

.63 

.73 

...118 

.59 


..34, 39,148,149 

. 11 , 12 

111, 112, 113, 118 

.9 

.39, 40,42,44 

.85 

. 20, 27, 28 

.30, 33 



.73, 170 

.51 

.88, 111 

.100 

.71 

74, 75, 77, 78, 80 



























































G 

GRAD/DEG Switch. 

H 

Hyperbolic Functions.. 

I 

Identifier. 

Insert. 

Integer. 

J 

Jump. 

K 

Keys and Switches (summary). 

L 

Labels (symbolic addressing). 

Load. 

Loading a Program. 

Logarithm. 

Base 10. 

Base e. 

M 

Memory. 

Metric/English Conversions. 

Multiplication. 

N 

Number/Operator (Num/Op) Register 
Use with Parentheses. 

o 

On/Off Switch. 

Overlays. 


100, 102 


.87, 112 


170 


84, 85 


52, 531 


19, 27 


15, 17, 18 
.177 


135, 151, 154 
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P 


Parentheses. 22, 23, 1 77 

Pause. 72 ' 125 

... 71 

Pi .. 

Polar to Rectangular Coordinates. 81 

4 144 

Prepared Programs on Tape. ' 

.82 

Program. 

.82, 84 

Programming. 

, .1 00 

Branch. ’° 5 - 106 

Forward. 100 

. 72, 128 

. , . 100, 102 

lump. 89 ' 112 

Modifying Programs. 100,101,102,103- 

Pause. 72 ' 125 

Remove. 100 

Return. 106 ' 107 

RUN/STEP/LOAD.■. 84 ' 85 

Running a Program.. 85, 86, 87 

START/STOP. 86 

Step Feature. 85, 123 

Subroutines and Branching. 105 ' 106 ' 107 

Tape Cassette Drive Under Program Control.151 
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R 


Reading a Program from Tape.... 

Reading Data from Tape. 

Recall. 

Reciprocal. 

Rectangular to Polar Coordinates 

Registers, Data Storage. 

Arithmetic with. 

Exchange. 

Recall. 

Store. 

Reset. 

Return... 

Round.!.... 

Run. 

S 

Scientific Notation.. 

Set Decimal Point. 

Sine. 

Square Root. 

Statistical Functions. 

Summation. 

Grouped Data. 

Ungrouped Data..... 

Deleting Data. 

Mean... 

Standard Deviation. 

Summary of Rules. 

Step. 

Store. 

Subtraction. 


.147 

.149 

.37 

.51 

.62 

.34 

... 38, 39 

.37 

. 37 

36 

. 1.7 

106, 107 
72 

.. 85, 87 

. 12 


.58 

...... 52 

.63 

. 63, 64 

.64 

.63 

.65 

.66 

.67 

.68 

85, 123 

.36 

..19, 27 
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•I 


T 


Tangent.59 

Tape Blocks.140 

Tape Block Search.143 

Tape Cassette.137, 138 

Preconditioning...140 

Drive. 135 

Connecting. 136 

Controls.139 

Programmed Control of.151 

Reading a Program from Tape.147 

Writing a Program onto Tape.145 

% 

Reading Data from Tape.149 

Writing Data onto Tape.148 

Tape Movement Counter.140 

Trigonometric Functions Summary.60 

V 

Variables and Constants.127 

Vectors. 46 

w 

Writing a Program onto Tape.145 

Writing Data onto Tape...148 
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